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Summary 

Numerical flowfield methods require a geometry subprogram which can 
calculate body coordinates, slopes, and radii of curvature for typical 
aircraft and spacecraft configurations. The objective of this research 
is to develop a surface-f itting technique which addresses two problems 
with existing geometry packages: computer storage requirements and the 
time required of the user for the initial setup of the geometry model. 
Coordinates of cross sections are fit in a least-squares sense using 
segments of general conic sections. After fitting each cross section, 
the next step is to blend the cross-sectional curve-fits in the lon- 
gitudinal direction using general conics to fit specific meridional 
half-planes. Provisions are made to allow the fitting of fuselages and 
wings so that entire wing-body combinations may be modeled. 

For the initial setup of the geometry model, an interactive, com- 
pletely menu-driven computer code has been developed to allow the user 
to make modifications to the initial fit for a given cross section or 
meridional cut. Graphic displays are provided to assist the user in the 
visualization of the effect of each modification. This report includes 
the development of the technique along with a User's Guide for the 
various menus within the program. Results for the modeling of the Space 

presented. 
I Shuttle and a proposed Aeroasist Flight Experiment geometry are 
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Principal axes of an ellipsoid; used in calculating the 
ellipsoidal distribution for the nose radius of curvature 

Length of wing chord at the given spanwise location; used 
to define spanwise cuts 

Coefficients of equation (4.1 1, a general 3-dimensional 
conic equation (g=l , 2,3,4,5,6,7,8,9) 

Index number of a meridional or spanwise cut; used in 
interpolation process 

Beginning slope of arc lljll (in local coordinates) 

End slope of arc lfjfl (in local coordinates) 

Radius measured from (X=O,Y=O) in a given cross section; 
calculated value of radius at 4 = (b 

Polar coordinates measured from (X=O,Y=O) in a given 
cross section; used to define meridional cuts 

Polar coordinates measured with respect to the local 
origin for a given arc; used to determine the calculated 
values of the input data points 

Polar coordinates measured with respect to an arbitrary 
reference point in a given cross section; used to deter- 
mine proper sign to be used in conjunction with the 
global conic equation 

Local Cartesian coordinate system 

Chordwise distance from the wing leading edge at a given 
spanwise station; used to define spanwise cut locations 

Coefficients of global general conic equation (2.1) 
(i=l,2,3,4,5,6) 

Coefficents of local general conic equation (2.2) 

Coefficients of nose fit equations (C.21, (4.31, and 
(4.4) (k=u,l) 

Acronym for Aeroassist Flight Experiment 
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IF1 

I FO 

I GUI DE 

IO 

IOUT 

I RAW 

ISAVE 

IUSE 

ND 

NDERIV 

PHI 

Q 

R 

R 

RBODY 

- 

RZ ,RPHI ,RZZ 
RZPHI ,RPHIPHI 

YRATIO 

Term defined in equation (4.15); used in the nose region 
fit (k=u,l) 

Refined input data file (binary) 

Refined data file output by the program (binary) 

Input file containing the number of curve-fits which have 
been completed (binary) 

Output file containing a summary of each curve-fit com- 
pleted thus far by the user 

IGUIDE file as output during program execution (binary) 

Raw input data file 

Raw data file as saved by the program 

Data file which contains complete description of geometry 
model as created by the user (binary) 

Total number of data points in a data plane 

Input parameter specifying which derivatives are t o  be 
calculated in the interpolation process 

Value of 4 measured from (X=O,Y=O); input parameter for 
the interpolation process 

Term defined in equation (D.5); used in calculating the 
ellipsoidal distribution for the nose radius of curvature 

Radius of curvature of the body at the nose 

Radius of circular arc for the AFE skirt 

Value of body radius as calculated in the interpolation 
process 

Z’ ’ rZZ’ Z$’ Values for r 
interpolation pr8cess 

Global Cartesian coordinate system 

Ratio of the intermediate point y-coordinate to the slope 
point y-coordinate (for a given arc) 

and r as calculated in the 
44 
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Sub s c r i p t s  
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C o e f f i c i e n t s  of e q u a t i o n  ( A . 1 0 )  which is t h e  local  c o n i c  
e q u a t i o n  after it  has been r e w r i t t e n  t o  c o n t a i n  o n l y  two 
unknowns: A and C 

Rake a n g l e  o f  AFE geometry 
A n g l e  r e f e r e n c e d  t o  ( X = O , Y = O ) ;  used t o  f i n d  the  c a l c u -  
la ted v a l u e  corresponding t o  t h e  c o o r d i n a t e  i n p u t  b y  t h e  
u s e r  v i a  the  c r o s s - h a i r  

C o e f f i c i e n t s  d e f i n e d  i n  e q u a t i o n s  ( B . 6 1 ,  ( B . 7 1 ,  a n d  
( B . 8 1 ,  r e s p e c t i v e l y ;  u s e d  i n  de t e rmin ing  which s i g n  t o  
use  i n  c o n j u n c t i o n  with the  g l o b a l  c o n i c  e q u a t i o n  

E l l i p s o i d  e l l i p t i c i t y  i n  t he  YZ-plane; parameter  o f  AFE 
geometry 

O r i e n t a t i o n  of l o c a l  c o o r d i n a t e  s y s t e m  w i t h  r e s p e c t  t o  
t h e  g l o b a l  c o o r d i n a t e  s y s t e m  

E l l i p t i c a l  c o n e  h a l f - a n g l e  i n  the  symmetry p l a n e  o f  the  
AFE geometry 

C o e f f i c i e n t s  o f  t h e  g e n e r a l  c o n i c  e q u a t i o n  ( 1 3 . 6 ) ;  
d e f i n e d  i n  e q u a t i o n s  ( 1 3 . 7 )  a n d  ( 1 3 . 8 ) ;  u s e d  i n  t h e  
i n t e r p o l a t i o n  p rocess  

Pe rcen t  chord l o c a t i o n ;  used i n  t h e  i n t e r p o l a t i o n  p r o c e s s  

A n g u l a r  e x t e n t  o f  t h e  c i r c u l a r  a r c  s k i r t  i n  t h e  upper 
symmetry p l a n e  of the  AFE geometry 

Inc remen ta l  change i n  the  given v a r i a b l e  

P i t c h  a n g l e  of o r t h o g r a p h i c  view 

Rol l  a n g l e  of o r t h o g r a p h i c  view 

Y a w  a n g l e  o f  o r t h o g r a p h i c  view 

A n g l e  u s e d  i n  e q u a t i o n  ( 9 . 1 )  t o  d e f i n e  t h e  c o n s t a n t  
p e r c e n t  chord spac ing  

I n f i n i t y  

Beginning p o i n t  of a l i n e  segment 

C a l c u l a t e d  va lue  

Specif ic  data p o i n t  
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End p o i n t  of a l i n e  segment 

Value o b t a i n e d  from t h e  a p p l i c a b l e  f i t t i n g  e q u a t i o n  

User i n p u t  va lue  ( v i a  t he  c r o s s - h a i r )  

Based on the o r i g i n a l  i n p u t  data p o i n t s  

Eva lua ted  f o r  arc I 1 j I 1  

C u r v e  i d e n t i f i c a t i o n  ( k = u  f o r  u p p e r  s u r f a c e ;  k = l  f o r  
lower s u r f a c e )  

Lower s u r f a c e  o f  nose r e g i o n  

Evaluated a t  t h e  nose of the body 

Related t o  an a r b i t r a r y  r e f e r e n c e  p o i n t  

V a l u e  based on  t h e  c ross  s e c t i o n  o r  m e r i d i o n a l  c u t  
n e a r e s t  t h e  i n p u t  va lue  of ( Z , @ ) ;  used d u r i n g  t h e  i n t e r -  
p o l a t i o n  p rocess  

Upper s u r f a c e  of nose r e g i o n  

R e s u l t s  u s i n g  c u r r e n t  method; acronym s t a n d s  f o r  Advanced 
- S u r f a c e  f i t t i n g  - T e c h n i q u e  f e a t u r i n g  - U s e r - f T i e n d l y  
- Development 

C o n t r o l  p o i n t  

Leading edge 

R e s u l t s  u s i n g  model c r ea t ed  f rom t h e  Q U I C K  g e o m e t r y  
package 

T r a i l i n g  edge 

I n  the  XZ-plane 

I n  t h e  YZ-plane 

Pa r t i a l  d e r i v a t i v e  w i t h  respect t o  Z 

Related t o  t he  l o c a l  o r i g i n  o f  a given arc 

Eva lua ted  a t  t h e  first c o n s t r a i n i n g  c r o s s  s e c t i o n  o f  t h e  
nose r e g i o n  f i t  

v i  i 



2 Eva lua ted  a t  t h e  second c o n s t r a i n i n g  c r o s s  s e c t i o n  of t h e  
nose r e g i o n  f i t  

4 Par t i a l  d e r i v a t i v e  w i t h  respect t o  I$ 

S u p e r s c r i p t s  

( i >  The i - t h  p a r t i a l  d e r i v a t i v e  w i t h  respect t o  t h e  argument 

I F i r s t  p a r t i a l  d e r i v a t i v e  w i t h  r e s p e c t  t o  t h e  argument 

I1 Second p a r t i a l  d e r i v a t i v e  w i t h  r e s p e c t  t o  the  argument 

* V a l u e  c o r r e s p o n d i n g  t o  t h e  i n p u t  ( Z , I $ )  r e q u e s t ;  u s e d  
d u r i n g  the i n t e r p o l a t i o n  p rocess  

v i i i  



Section 1: Introduction 

Numerical flowfield methods require a geometry subprogram which can 
calculate body coordinates, slopes, and radii of curvature. The coor- 
dinates and slopes are required for such techniques as the HALIS 
inviscid flowfield code (ref. 1) whose pressure distribution solution 
may be used to drive a boundary layer code. In addition, the radii of 
curvature must be supplied for methods which calculate inviscid surf ace 
streamlines from the pressure distribution (ref. 2). In this paper a 
new surface-fitting technique is developed, which addresses two major 
problems with existing geometry packages: computer storage requirements 
and the time required of the user for the initial setup of the geometry 
model. 

Previous approaches to the surface-f itting of three-dimensional 
bodies generally divided the surface into panels. If the panels are 
represented by flat surfaces (refs. 3,4), then the body slopes are 
discontinuous at the edges of the panels. Coons' method (ref. 51, which 
provides for continuous slopes and curvature, involves the specification 
of 64 parameters for each panel (or patch), many of which are difficult 
to obtain (most notably the cross derivatives) (ref. 6). In addition, 
computer storage requirements may be great when a large number of 
patches are required to describe a geometry. Using spline functions 
(ref. 7) to generate the surface-fit often yields undesirable wiggles, 
dimples, or bulges in the resulting model. The QUICK method (ref. 8) is 
reasonably accurate but the development of a given model requires a 
large initial setup time. 

DeJarnette and Ford (ref. 9 )  used general conic equations for the 
cross-sectional curve-fits, and then blended these curve-fits lon- 
gitudinally using parametric splines. Unfortunately, the use of 
parametric splines to describe the longitudinal variation of cross 
sections can yield the same undesirable qualities which plagued the 
usage of general splines in that capacity. The approach developed in 
reference 9 for curve-fitting the cross sections is also used in 
references 10 and 1 1 ,  while the method for longitudinally blending these 
cross-sectional fits is altered. In Sliski's approach (ref. IO), the 
longitudinal variation of cross sections is defined by one of several 
equations (including general conics and quadratic splines). Sliski's 
algorithm provides an accurate method for calculating body coordinates 
and surface derivatives, but it can be difficult to implement. 
Reference 1 1  discusses a method which is similar to the current research 
endeavor in that the longitudinal fit is handled by taking the same 
approach used to curve-fit the cross sections and applying it to 
specified meridional cuts. However, the package is cumbersome to use 
when modeling complex geometries which have drastic changes in lon- 
gitudinal body curvature. Reference 12 discusses an ongoing 
investigation into the use of Bezier curves to surface-fit geometries. 

It is advantageous to use conic sections rather than cubic or 
higher order polynomial equations since they eliminate the possibility 



of unspecified inflection points in the fit. Therefore, the present 
technique also uses the cross section curve-fitting technique developed 
in reference 9. As with the approach described in reference 1 1 ,  these 
cross-sectional curve-f its are then blended in the longitudinal direc- 
tion, again using conic equations applied to specific meridional cuts. 

Since the surface-fitting process for an arbitrary geometry is not 
a straightforward process, provisions should be made to allow the user 
to modify the current fit with minimal difficulty. Carrying out this 
procedure interactively eliminates the need for the user to construct 
lengthy input files which can increase the initial setup time for the 
model. The creation of such files requires a greater understanding of 
the code by the user than an interactive, menu-driven code, which allows 
even a novice to use the code successfully. Graphics routines sup- 
plementing these menus help the user to visualize the effects of the 
specified changes on the surface-fit. 

For the initial setup of the geometry model, an interactive, com- 
pletely menu-driven computer code has been developed to allow the user 
to make modifications to the initial fit for a given cross section or  
meridional cut. Graphic displays are provided to assist the user in the 
visualization of the effect of each modification. This report includes 
the development of the technique along with a User's Guide for the 
various menus within the program. Results for the modeling of the Space 
Shuttle and a proposed Aeroasist Flight Experiment geometry are 
presented. 

Support for this investigation was provided by Cooperative Research 
Agreements NCCI-22 and NCCI-100 from NASA Langley Research Center. 
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S e c t i o n  2: F i t t i n g  the  Fuse lage  Cross  S e c t i o n s  

To c o n s t r u c t  a geometry  model, a set of data p o i n t s  which is com- 
posed of c r o s s - s e c t i o n a l  coord ina te s  a t  v a r i o u s  a x i a l  l o c a t i o n s  a l o n g  
t h e  f u s e l a g e  is n e c e s s a r y .  The f i r s t  s t e p  i n  t h e  s u r f a c e - f i t t i n g  
process  invo lves  c u r v e - f i t t i n g  each of these f u s e l a g e  c r o s s  s e c t i o n s  of  
c o o r d i n a t e s .  I n  many cases ,  a smooth  f i t  which pas ses  through every  
data po in t  i n  a g iven  c r o s s  s e c t i o n  cannot  be r e a l i z e d .  I n  r e f e r e n c e  9, 
a t e c h n i q u e  i s  deve loped  which invo lves  d i v i d i n g  a given c r o s s  s e c t i o n  
i n t o  arcs ( F i g u r e  2.1) .  Each a r c  is then c u r v e - f i t  t o  t h e  c o o r d i n a t e s  
i n  a l e a s t - s q u a r e s  sense w i t h  a gene ra l  2-D c o n i c  equa t ion .  T h i s  tech- 
n ique  is t h e  b a s i s  f o r  the p resen t  method, so  its a p p r o a c h  i s  o u t l i n e d  
below. 

A p o r t i o n  of a gene ra l  con ic  is c u r v e - f i t  i n  a l e a s t - s q u a r e s  s e n s e  
t h r o u g h  t h e  data p o i n t s  of a given arc. The data p o i n t s  a t  each end of 
t h i s  arc a re  referred t o  as c o n t r o l  p o i n t s .  The c u r v e  f o r  t h i s  a r c  is  
c o n s t r a i n e d  t o  pass through these two c o n t r o l  p o i n t s .  The s l o p e  a t  each 
of these c o n t r o l  p o i n t s  is cons t r a ined  t o  be cont inuous  wi th  each of t h e  
t w o  a d j a c e n t  a r c s ,  u n l e s s  t h e  s l o p e  a t  a c o n t r o l  p o i n t  has been  
s p e c i f i e d  by the  user. On t h e  o t h e r  h a n d ,  t he re  i s  no c o n s t r a i n t  t o  
make t h e  s e c o n d  d e r i v a t i v e  c o n t i n u o u s  a t  t h e  c o n t r o l  p o i n t s .  If no 
s l o p e  s p e c i f i c a t i o n  is made a t  a given c o n t r o l  p o i n t ,  then  t h e  va lue  f o r  
t h e  s l o p e  there is l e f t  as p a r t  of t h e  s o l u t i o n .  A s l o p e  s p e c i f i c a t i o n  
may be i n  t h e  form of a d i s c o n t i n u i t y  o r  c o n t i n u o u s  s l o p e .  I n  e i t h e r  
case ,  t h e  user m u s t  s p e c i f y  t h e  va lues  f o r  the  s l o p e s .  A l t e r n a t e l y ,  a 
g iven  arc  may be  de f ined  t o  be a l i n e  segment ( F i g u r e  2 .2 ) .  

T h a t  p o r t i o n  o f  a c r o s s  s e c t i o n  b e t w e e n  a b e g i n n i n g  s l o p e  
s p e c i f i c a t i o n  and an end s l o p e  s p e c i f i c a t i o n  is referred t o  as a f i t t i n g  
r eg ion .  Such a f i t t i n g  r e g i o n  may c o n t a i n  one o r  more arcs. The l a t t e r  
case occur s  when no s l o p e  s p e c i f i c a t i o n s  are made a t  t h e  c o n t r o l  p o i n t s  
between a d j a c e n t  arcs ( F i g u r e  2.3). I n  such a case, t h e  c o n i c  equa t ions  
f o r  each arc i n  t h a t  r e g i o n  are de termined  s i m u l t a n e o u s l y  i n  o r d e r  t o  
p r o v i d e  c o n t i n u o u s  s l o p e s  a t  t hese  i n t e r m e d i a t e  c o n t r o l  p o i n t s .  A 
f i t t i n g  r e g i o n  may encompass the e n t i r e  c r o s s  s e c t i o n  ( i f  only  t h e  first 
and l a s t  c o n t r o l  p o i n t s  have s l o p e s  s p e c i f i e d )  o r  as few as three data 
p o i n t s  ( three p o i n t s  w i t h  two s l o p e s  g i v e  f i v e  c o n s t r a i n t s  f o r  t h e  f i v e  
c o e f f i c i e n t s  of t he  gene ra l  con ic ) .  

Note: A c t u a l l y ,  as few as two data p o i n t s  may be conta ined  i n  
a l i n e  segmen t  (wh ich  is i n h e r e n t l y  a f i t t i n g  r e g i o n ) .  O f  
cou r se ,  t he  equa t ion  of the l i n e  segment is de f ined  completely 
by its end p o i n t s  a lone .  

With the preceding  overview i n  mind, d e f i n e  a C a r t e s i a n  c o o r d i n a t e  
s y s t e m  whose o r i g i n  is a t  t h e  nose of t h e  f u s e l a g e ,  w i t h  Z i n  the axial  
d i r e c t i o n ,  X i n  t h e  spanwise d i r e c t i o n ,  and Y p e r p e n d i c u l a r  t o  t h e  X Z -  
p l a n e  ( F i g u r e  2 . 4 ) .  The p r e s e n t  method assumes t h a t  t h e  f u s e l a g e  is 
s y m m e t r i c  a b o u t  t h e  YZ-plane.  Fo r  a g i v e n  c r o s s  s e c t i o n  o f  t h e  

3 



f u s e l a g e ,  Z = c o n s t a n t  and the  global ( X - Y )  g e n e r a l  c o n i c  e q u a t i o n  f o r  
one arc is o f  t he  form 

2 2 

A , X  + A 2 X Y  + A , Y  + A,X + A 5 Y  + A, = 0 ( 2 . 1 )  

wi th  its g l o b a l  c o e f f i c i e n t s  A , ,  A , ,  A , ,  A , ,  A , ,  and A , .  

Note: Equation ( 2 . 1 )  may be d i v i d e d  by A, ( p rov ided  A,+ 0 )  t o  
r e v e a l  t h a t  t h e r e  a r e  r e a l l y  o n l y  f i v e  c o e f f i c i e n t s  t o  be 
e v a l u a t e d .  T h i s  s i t u a t i o n  is a u t o m a t i c a l l y  handled w i t h i n  t h e  
program. 

I n  the  c u r v e - f i t t i n g  of a g iven  arc ,  i t  is c o n v e n i e n t  t o  d e f i n e  a 
loca l  c o o r d i n a t e  (x-y) system whose o r i g i n  is t h e  f i r s t  c o n t r o l  p o i n t  o f  
t h e  a r c ,  and  whose x - a x i s  p a s s e s  t h r o u g h  t h e  s e c o n d  c o n t r o l  p o i n t  
( F i g u r e  2 . 5 ) .  I n  t h i s  c o o r d i n a t e  system, t h e  local g e n e r a l  c o n i c  equa- 
t i o n  is 

which i n h e r e n t l y  p a s s e s  through t h e  f i r s t  c o n t r o l  p o i n t  (x = 0 ,  y = 0 ) .  
The p r o c e d u r e  f o r  e v a l u a t i n g  A ,  B ,  C ,  D ,  and E (and de te rmin ing  which 
s i g n  t o  u s e  i n  t h e  q u a d r a t i c  e x p r e s s i o n  f o r  x o r  y )  i s  o u t l i n e d  i n  
A p p e n d i x  A ( s e e  R e f e r e n c e  9 f o r  t h e  c o m p l e t e  d e v e l o p m e n t  of t hese  
r e l a t i o n s h i p s ) .  

Once t h e  c o e f f i c i e n t s  A ,  B ,  C ,  D ,  a n d  E a r e  known, they may be 
t ransformed i n t o  the  g l o b a l  c o e f f i c i e n t s  o f  e q u a t i o n  ( 2 . 1 )  t h r o u g h  a 
r o t a t i o n  of t h e  l o c a l  c o o r d i n a t e  system. Thus,  

2 2 

A ,  = A c o s  e + B s i n e  cose + C s i n  e (2 .3 )  

2 2 

A~ = 2 ( C  - A )  s i n e  cose - B ( s i n  e - c o s  e )  ( 2 . 4 )  

2 2 

A ,  = A s i n  e - B s i n e  cos6 + C c o s  8 

2 

- 2 c (XCpsin e + Y s i n e  c o s e )  

+ D cose + E s i n e  

CP 

( 2 . 5 )  

(2 .6 )  
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2 - 2 c (ycPcos e + x s i n e  case) 
C P  

- D s i n e  + E cos0 ( 2 . 7 )  

2 2 2 

+ Y s i n  e - 2 X Y s i n e  c o s e )  A, = A (xcpcos2e C P  C P  CP 
2 2 2 2 

+ B [ (xcp-  yep) s i n e  cose - x Y ( s i n  e - COS 811 
C P  C P  

2 2 2 

+ yCpcos e + 2 X Y s i n e  c o s e )  + c ( X i p i n  e C P  C P  

( 2 . 8 )  

where ( X c p , Y c p )  are t h e  c o o r d i n a t e s  of the  c o n t r o l  p o i n t  a t  t h e  b e g i n -  
ning of the arc. 

Note: Recal l  t h a t  i f  A , +  0 ,  t h e n  A I  t h r o u g h  A ,  w i l l  b e  
d i v i d e d  by A6. T h e r e f o r e ,  each arc equa t ion  f o r  a g iven  c r o s s  
s e c t i o n  w i l l  u l t i m a t e l y  have e i t h e r  A s =  0 ( r e q u i r e d  f o r  t h e  
cu rve  t o  p a s s  through t h e  o r i g i n )  or A,= 1 .  

Given one c o o r d i n a t e  of a d e s i r e d  l o c a t i o n ,  i n  u s i n g  t h e  g l o b a l  
c o n i c  e q u a t i o n ,  a q u a d r a t i c  e q u a t i o n  is encountered i n  the  s o l u t i o n  f o r  
t he  unknown c o o r d i n a t e .  Thus, a cho ice  between t h e  t l + l l  o r  I 1  - 11 s i g n  i s  
necessa ry .  The c r i t e r i o n  f o r  t h i s  s e l e c t i o n  is de r ived  i n  Appendix B. 

The above c r o s s - s e c t i o n a l  c u r v e - f i t t i n g  a l g o r i t h m  is implemented i n  
t h e  f o l l o w i n g  manner .  The c o d e  i n i t i a l l y  a t t e m p t s  t o  read t h e  c r o s s  
s e c t i o n  data from a r e f i n e d  data f i l e .  T h i s  i s  a f i l e  w h i c h  c o n t a i n s  
i n f o r m a t i o n  on p r e v i o u s l y  f i t t e d  cross s e c t i o n s :  data p o i n t s ,  c o n t r o l  
p o i n t s ,  s l o p e  and l i n e  segment s p e c i f i c a t i o n s ,  and t h e i r  c o r r e s p o n d i n g  
f i t t i n g  r e g i o n s .  If t h i s  f i l e  is no t  found,  or i f  t h e  end of t h i s  f i l e  
is reached dur ing  i n p u t ,  t h e  program a u t o m a t i c a l l y  a t t e m p t s  t o  read data 
from a raw data f i l e .  T h i s  f i l e ,  as  its name i m p l i e s ,  c o n t a i n s  on ly  the  
data p o i n t s  -- with  no s p e c i f i c a t i o n s  made t h u s  far  by  the  u s e r .  

Note: T h i s  data r e t r i e v a l  s t r u c t u r e  a l lows  the  use r  t o  review 
a n y  p r e v i o u s l y  f i t t e d  c r o s s  s e c t i o n  a s  w i l l  b e  d i s c u s s e d  
l a t e r .  By a l l o w i n g  raw da ta  t o  be  i n p u t ,  t he  use r  need no t  
make any d e c i s i o n s  about  the  f i t t i n g  of a c r o s s  s e c t i o n  b e f o r e  
i t  has b e e n  v iewed on  t h e  s c r e e n .  (Again,  t h i s  w i l l  be d i s -  
cus sed  i n  de ta i l  l a t e r . )  

Note: I t  is important  t o  n o t e  t h a t  t h i s  code e x p e c t s  t h e  data 
p o i n t s  t o  be indexed 1 through ND (where N D  i s  t h e  number of 
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d a t a  p o i n t s  i n  t h e  c r o s s  s e c t i o n ) ,  moving i n  a c l o c k w i s e  
d i r e c t i o n  f rom t h e  t o p  o f  t h e  c r o s s  s e c t i o n .  The p r o p e r  
o r d e r i n g  o f  d a t a  p o i n t s  i s  c r u c i a l  t o  t h e  o p e r a t i o n  of t h i s  
program! 

When raw d a t a  p o i n t s  a r e  e n c o u n t e r e d  by  t h e  program, a check is 
performed t o  i n s u r e  t ha t  t h e  end p o i n t s  of t he  c r o s s  s e c t i o n  a r e  i n  t h e  
p l a n e  of  s y m m e t r y .  I f  t h e y  are n o t ,  t h e y  are s h i f t e d  i n t o  t h e  symmetry 
p l ane  us ing  a q u a d r a t i c  f i t  t h r o u g h  t h e  p o i n t s  nearest  t h e  symmetry 
p l a n e .  N e x t ,  these f irst  and l a s t  data p o i n t s  i n  t h e  c r o s s  s e c t i o n  a r e  
de f ined  t o  be c o n t r o l  p o i n t s ,  and  t h e  s l o p e  of  t h e  a r c  a t  t h e s e  two 
p o i n t s  is d e f i n e d  t o  b e  dY/dX = 0. T h e r e f o r e ,  i n i t i a l l y  an a t t e m p t  w i l l  
b e  made t o  f i t  t h e  c r o s s  s e c t i o n  w i t h  j u s t  o n e  f i t t i n g  r e g i o n  and  no 
l i n e  segments. 

Using t h e s e  s p e c i f i c a t i o n s ,  a s o l u t i o n  t o  t h i s  a r c  is g e n e r a t e d ,  
and  t h e  r e s u l t i n g  f i t  is  drawn on t h e  s c r e e n .  The d a t a  p o i n t s  and 
c o n t r o l  p o i n t s  are a l s o  d i sp layed .  I n  g e n e r a l ,  t h i s  i n i t i a l  f i t  is  n o t  
s a t i s f a c t o r y ;  h o w e v e r ,  i t  i s  a s t a r t i n g  p o i n t .  The user may a t  t h i s  
p o i n t  modify t h i s  f i t  (by  adding c o n t r o l  p o i n t s ,  s l o p e  s p e c i f i c a t i o n s ,  
e t c . )  th rough t h e  m o d i f i c a t i o n  p rocess  ( t o  be d i s c u s s e d  i n  S e c t i o n  3 ) .  

A s  t h e  c o d e  a t t e m p t s  t o  f i t  t h e  d a t a  a c c o r d i n g  t o  t h e  c u r r e n t  
s p e c i f i c a t i o n s ,  s e v e r a l  c o n d i t i o n s  will be monitored. If the  s l o p e s  
have been s p e c i f i e d  a t  two c o n t r o l  p o i n t s  a n d  t h e r e  a r e  no a d d i t i o n a l  
d a t a  p o i n t s  between them, then  t h i s  f i t t i n g  r e g i o n  w i l l  be redefined t o  
be a l i n e  segment. T h i s  is necessa ry  s i n c e  w i t h  only two c o n t r o l  p o i n t s  
and two s l o p e s  ( w i t h  no i n t e r m e d i a t e  data  p o i n t ) ,  t h e  f i v e  con ic  c o e f f i -  
c i e n t s  are underdetermined. Another check is made on t h e  l o c a l  s l o p e s  
of each  arc. I f  they  have t h e  same s i g n ,  t hen  the  f i t  w i l l  y i e l d  double 
r o o t s  i n  t h e  l o c a l  c o o r d i n a t e  system f o r  a p o r t i o n  o f  t h e  a r c  ( F i g u r e  
2 . 6 a ) .  I n  o r d e r  t o  avoid  having t o  choose between two r o o t s ,  when such 
a s i t u a t i o n  ar ises ,  a message is i s sued  t o  t h e  s c r e e n ,  and t h e  u s e r  must 
modify the f i t .  

Note: Q u i t e  o f t e n  i n  t h i s  case, t h e  use r  may s i m p l y  d e f i n e  a n  
a d d i t i o n a l  c o n t r o l  p o i n t  a p p r o x i m a t e l y  midway through t h i s  
troublesome arc ,  r e f i t  t h e  c r o s s  s e c t i o n ,  and the d o u b l e  r o o t  
s i t u a t i o n  w i l l  be  avoided ( F i g u r e  2.6b) .  

U s i n g  t h e  c a l c u l a t e d  l o c a l  c o e f f i c i e n t s ,  t h e  v a l u e s  f o r  t h e i r  
c o r r e s p o n d i n g  g l o b a l  c o e f f i c i e n t s  a r e  de termined  v i a  e q u a t i o n s  ( 2 . 3 )  
through ( 2 . 8 ) .  Then a d e f i n i n g  a r r a y ,  c o n t a i n i n g  ten-e lements  p e r  a r c ,  
is  l o a d e d .  Four  o f  t h e  e n t r i e s  i n  t h i s  a r ray  a r e  t h e  g l o b a l  (X,Y) 
c o o r d i n a t e s  of t h e  beginning and end c o n t r o l  p o i n t s .  Two more a r e  t h e  
g l o b a l  (X,Y) c o o r d i n a t e s  of t h e  a r c  s l o p e  p o i n t .  Th i s  is t h e  p o i n t  of 
i n t e r s e c t i o n  of two l i n e s  which are t a n g e n t  t o  t h e  a r c  a t  i t s  c o n t r o l  
p o i n t s  ( F i g u r e  2 . 7 ) .  A l s o  l o a d e d  i n  t h i s  array are the  g l o b a l  ( X , Y )  
c o o r d i n a t e s  of t h e  a r c  i n t e r m e d i a t e  p o i n t .  T h i s  is the  i n t e r s e c t i o n  o f  
t h e  c u r v e - f i t  w i t h  a l i n e  which i s  p e r p e n d i c u l a r  t o  t h e  x - a x i s  and 
p a s s e s  through t h e  s l o p e  po in t  (see F i g u r e  2 . 7 ) .  
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T h e s e  e i g h t  p o i n t s  c o n t a i n  a l l  t h e  i n f o r m a t i o n  n e c e s s a r y  t o  
r e g e n e r a t e  t h i s  arc f i t  from scratch:  its end p o i n t s ,  a n  i n t e r m e d i a t e  
p o i n t ,  a n d  i t s  e n d  s l o p e s  ( t h r o u g h  t h e  s l o p e  p o i n t ) .  The l a s t  two 
e l emen t s  of t h i s  a r r a y  c o n t a i n  the  g l o b a l  ( X , Y )  c o o r d i n a t e s  f o r  a l o c a l  
o r i g i n  ( X , , Y , )  f o r  t h e  g i v e n  a r c .  I n  a f a s h i o n  similar t o  t h e  s l o p e  
p o i n t ,  it is d e f i n e d  as t h e  i n t e r s e c t i o n  o f  two l i n e s  which i n t e r s e c t  
t h e  a r c  a t  i t s  c o n t r o l  p o i n t s ,  b u t  w i t h  a s l o p e  p e r p e n d i c u l a r  t o  t h e  
t angen t  o f  t h e  arc a t  t h o s e  p o i n t s  (see F igure  2 . 7 ) .  T h i s  p o i n t  i s  n o t  
n e c e s s a r y  t o  d e f i n e  t h e  a r c ,  b u t  is used t o  avoid m u l t i p l e  r o o t  s i t u a -  
t i o n s  i n  t he  g l o b a l  c o o r d i n a t e  system. 

A p a i r  o f  g l o b a l  c o o r d i n a t e s  ( X c , Y c )  co r r e spond ing  t o  each i n p u t  

data p o i n t  is  g e n e r a t e d  f rom t h e  f i t t i n g  e q u a t i o n  i n  t h e  f o l l o w i n g  
manner .  The p o l a r  c o o r d i n a t e s  ( P , I $ , )  of a given i n p u t  data p o i n t  are  
g iven  by 

(2 .26 )  

and 

(2 .27 )  

where ( X  , Y  ) are the  global  c o o r d i n a t e s  of t h e  given i n p u t  d a t a  p o i n t ,  

a n d  ( X , , Y , )  is the  l o c a l  o r i g i n  (descr ibed i n  t h e  preceding paragraph) .  

Using t h i s  v a l u e  o f  I $ , ,  t h e  g l o b a l  e q u a t i o n  is s o l v e d  t o  f i n d  t h e  ca l cu -  

l a t e d  v a l u e  of t h e  body r a d i u s  ( P c ) .  Using t h i s  r a d i u s ,  t he  c a l c u l a t e d  

g l o b a l  c o o r d i n a t e s  ( X c , Y c )  f o r  the  data p o i n t  are 

d d  

x = x, + FI cosI$, 
C C 

and 
Y = Y o  + F s in$ ,  

C C 

(2 .28 )  

(2 .29)  

A comparison of t h e  v a l u e  of ( X c , Y c )  w i t h  its c o r r e s p o n d i n g  i n p u t  d a t a  

p o i n t  v a l u e  ( X d , Y d )  g i v e s  t h e  u s e r  a gauge f o r  measuring t h e  accuracy Of 

t h e  c u r r e n t  l e a s t - s q u a r e s  f i t  ( F i g u r e  2.8) .  
D u r i n g  t h e  m o d i f i c a t i o n  p r o c e s s ,  t h e  u s e r  may m a k e  c e r t a i n  

s p e c i f i c a t i o n s  which w i l l  n o t  a l l o w  t h e  i n h e r e n t  c o n s t r a i n t s  of t h i s  
method t o  b e  s a t i s f i e d  ( f o r  e x a m p l e ,  no i n f l e c t i o n  p o i n t s  may e x i s t  
w i t h i n  a n  a rc ) .  If such a v i o l a t i o n  o c c u r s ,  an i n d i c a t i v e  message  w i l l  
appear  on t h e  s c r e e n  and the  u s e r  w i l l  need t o  modify the  s p e c i f i c a t i o n s  
a c c o r d i n g l y .  When the  u s e r  s p e c i f i c a t i o n s  f o r  the  c u r v e - f i t  v i o l a t e  no 
i n h e r e n t  c o n s t r a i n t s ,  t he  u s e r  w i l l  advance t o  the Cross S e c t i o n  / Phi 
Cut Menu. A t  t h i s  p o i n t ,  t h e  u s e r  has the f o l l o w i n g  o p t i o n s :  
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1 )  Review the  Specs for t h i s  F i t  
Allows t h e  use r  t o  review both numer i ca l ly  and g r a p h i c a l l y  t he  
c u r r e n t  s p e c i f i c a t i o n s  f o r  s l o p e s  and l i n e  segments,  and t h e  
r e s u l t i n g  f i t t i n g  r e g i o n s .  Also  d i s p l a y e d  a r e  t h e  maximum, 
minimum, and ave rage  d e v i a t i o n s  between t h e  o r i g i n a l  data  and 
the i r  corresponding c a l c u l a t e d  v a l u e s ,  f o r  each o f  t h e  a r c s ,  
as well as f o r  t he  e n t i r e  c r o s s  s e c t i o n .  After t h i s  o p t i o n  is 
execu ted ,  t h e  program r e t u r n s  t o  t h e  C r o s s  S e c t i o n  / P h i  Cu t  
Menu l e v e l  so t h a t  ano the r  s e l e c t i o n  may be made. 

A l l o w s  t h e  u s e r  t o  r e t u r n  t o  t h e  m o d i f i c a t i o n  l e v e l .  
T h e r e f o r e ,  i f  the c u r r e n t  cu rve - f  i t  is u n s a t i s f a c t o r y ,  t h e n  
its s p e c i f i c a t i o n s  may be  modif ied.  

3) Locate Break  p o i n t  (Cross S e c t i o n  Only) 

2 )  Modify t h i s  F i t  

Note: The i n c l u s i o n  of t h e  wing i n  a c r o s s  s e c t i o n  
d a t a  p l a n e  i s  h e l p f u l  i n  d e v e l o p i n g  a f i t  w h i c h  
adheres  wel l  t o  t h e  d a t a  ( e s p e c i a l l y  on the  lower 
s u r f a c e ) .  However,  f o r  b e s t  r e s u l t s ,  t h e  a c t u a l  
f i t t i n g  o f  a w i n g  o r  t a i l  s u r f a c e  r e q u i r e s  a 
separate se t  o f  da t a  p l a n e s  a l i g n e d  normal  t o  t h e  
s p a n w i s e  d i r e c t i o n  ( w h i c h  i s  p e r p e n d i c u l a r  t o  t h e  
r o o t  c h o r d ) .  A s  a r e s u l t ,  t h e  wing p o r t i o n  o f  a 
f u s e l a g e  cross s e c t i o n  shou ld  be ignored d u r i n g  t h e  
l o n g i t u d i n a l  b l end ing  p rocess  of the f u s e l a g e .  

A l l o w s  t h e  user t o  e l i m i n a t e  t h e  wing p o r t i o n  of t h e  c r o s s  
s e c t i o n  ( a f t e r  t h e  c r o s s  s e c t i o n  has been s u c c e s s f u l l y  f i t )  by 
e s t a b l i s h i n g  two break p o i n t s  ( F i g u r e  2 . 9 ) .  The f irst  break 
p o i n t  is l o c a t e d  ( v i a  t h e  c r o s s - h a i r )  a t  t h e  c o n t r o l  p o i n t  
where t h e  wing u p p e r  s u r f a c e  meets t h e  body i n  t h e  c u r r e n t  
c r o s s  s e c t i o n  ( t h i s  t y p i c a l l y  o c c u r s  a t  a c o n t r o l  p o i n t  where 
a d i s c o n t i n u o u s  s l o p e  has been spec i f i ed ) .  The second break  
p o i n t  is l o c a t e d  on t h e  lower s u r f a c e  of the wing a t  t h e  p o i n t  
where i t  i n t e r s e c t s  t h e  body .  I f  t h e r e  is  a l s o  a discon-  
t i n u i t y  a t  t h i s  j u n c t u r e ,  t h e n  t h i s  s e c o n d  b r e a k  p o i n t  is 
l o c a t e d  a t  t h a t  e x i s t i n g  c o n t r o l  p o i n t .  I f  the  lower s u r f a c e  
of the  wing meets t h e  f u s e l a g e  smoothly,  t h e n  the  second break 
p o i n t  is l o c a t e d  i n  t h e  fo l lowing  manner. The arc whose end 
p o i n t  is t h e  f irst  b reak  p o i n t  is ex tended  down t o  t h e  l o w e r  
s u r f a c e  of t he  wing-body. The i n t e r s e c t i o n  between t h i s  lower 
s u r f a c e  and t h e  extended arc is d e f i n e d  t o  be the second break 
p o i n t .  T h i s  procedure is performed a u t o m a t i c a l l y  by t h e  code 
i f  t h e  use r  s p e c i f i e s  t h a t  the  second break  p o i n t  is n o t  t o  be 
l o c a t e d  a t  a n  e x i s t i n g  c o n t r o l  p o i n t .  

Al lows  t h e  use r  t o  advance t o  t h e  nex t  c r o s s  s e c t i o n  o r  $-cut  
when t h e  f i t  f o r  t h e  c u r r e n t  c r o s s  s e c t i o n  i s  deemed 
s a t i s f a c t o r y .  The f u n d a m e n t a l  parameters f o r  t h i s  f i t  are  
saved,  and a summary of t he  f i t  is w r i t t e n  t o  a n  o u t p u t  f i l e  

4 )  Advance t o  the  Next Cross  S e c t i o n  / Phi Cut  
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5 )  

(see Table  1 f o r  a sample of t h i s  ou tput  f i l e ) ,  b e f o r e  advanc- 
ing  t o  t he  next  s e c t i o n .  T h i s  ou tpu t  f i l e  documents t h e  c r o s s  
s e c t i o n  f i t t i n g .  Inc luded  a r e  t h e  d a t a  p o i n t s  ( w i t h  c o n t r o l  
p o i n t s  and l i n e  segment beginnings  n o t e d ) ,  t h e i r  cor responding  
c a l c u l a t e d  v a l u e s ,  t h e  d i f f e r e n c e  be tween t h e s e  v a l u e s ,  and  
t h e  c o n i c  e q u a t i o n s  f o r  each of the arcs. 
Terminate  S e s s i o n  
A l l o w s  t he  user t o  t e r m i n a t e  t h e  c u r r e n t  f i t t i n g  s e s s i o n .  A l l  
in format ion  about  t h e  c r o s s  s e c t i o n s  ( b o t h  raw and r e f i n e d  
d a t a ) ,  i n c l u d i n g  t h e  l a t e s t  m o d i f i c a t i o n s ,  are saved  i n  re- 
s t a r t  f i l e s .  

Note: For  example, i f  t h e  user has p r e v i o u s l y  f i t  23 of a 
t o t a l  of 40 c r o s s  s e c t i o n s ,  and wishes t o  modify c r o s s  s e c t i o n  
8 1 1 ,  t h e  f o l l o w i n g  procedure may be used. Choose o p t i o n  ( 2 )  
of t h e  Review Menu (d i scussed  l a t e r  i n  t h i s  s e c t i o n ) ,  e n t e r  
r c l l "  when prompted f o r  a c r o s s  s e c t i o n  index number, and make 
the  d e s i r e d  m o d i f i c a t i o n s  t o  t h i s  c r o s s  s e c t i o n .  A t  t h i s  
p o i n t ,  t h e  u s e r  may e n t e r  o p t i o n  ( 4 )  t o  advance t o  t h e  nex t  
s e c t i o n ,  a t  which time a prompt f o r  a new index number w i l l  be 
i s s u e d .  A l t e r n a t e l y ,  t h e  user  may e n t e r  (5 )  t o  t e r m i n a t e  t h i s  
s e s s i o n .  I n  t h i s  case  t h e  f i ts  f o r  c r o s s  s e c t i o n s  81 t h r o u g h  
/I23 ( i n c l u d i n g  the  mod i f i ca t ions  t o  {I l l )  w i l l  be  s aved ,  a long  
wi th  t he  raw data f o r  c r o s s  s e c t i o n s  #24 through 840. 

A s  d i scussed  ear l ier ,  t h e  program w i l l  f i rst  search f o r  data i n  t h e  
r e f i n e d  data f i l e .  I f  t h i s  f i l e  is  n o t  e m p t y ,  t h e n  t h e  u s e r  w i l l  be 
prompted w i t h  t h e  Review Menu. The user's o p t i o n s  a r e  described below. 

Review A l l  P rev ious  F i t t i n g s  
Al lows  t h e  u s e r  t o  v i e w  each o f  t he  p rev ious ly  f i t t e d  c r o s s  
s e c t i o n s .  If t h i s  o p t i o n  is selected, t h e  code w i l l  read from 
t h e  r e f i n e d  d a t a  f i l e  and d i s p l a y  t h e  c r o s s  s e c t i o n  as cur- 
r e n t l y  f i t t e d .  A t  t h i s  po in t  t he  user is a t  t h e  Cross  S e c t i o n  
/ P h i  Cut Menu l e v e l ,  and may exercise any of its o p t i o n s .  I f  
o p t i o n  ( 4 )  is chosen,  t h e  code w i l l  advance t o  the  n e x t  c r o s s  
s e c t i o n  and  r e p e a t  t h e  above  p r o c e s s .  T h i s  w i l l  c o n t i n u e  
u n t i l  t h e  user e x e r c i s e s  o p t i o n  ( 5 1 ,  o r  t h e  program reaches 
t h e  end  o f  t h e  r e f i n e d  d a t a  f i l e .  I n  t h e  l a t t e r  case, t h e  
code w i l l  a u t o m a t i c a l l y  begin  r ead ing  from the  raw d a t a  f i l e ,  
and t h e  mod i f i ca t ion  process  con t inues .  I f  the end of t h e  raw 
data f i l e  i s  e n c o u n t e r e d  d u r i n g  r e a d i n g ,  t h e  program w i l l  
i s s u e  t h e  message  "LAST C R O S S  S E C T I O N ! "  t o  t h e  s c r e e n ,  and 
a u t o m a t i c a l l y  advance  t o  t h e  n e x t  l e v e l :  f i t t i n g  t h e  n o s e  
r e g i o n .  
Review C e r t a i n  P rev ious  F i t t i n g s  
Al lows  t h e  user t o  r e v i e w  s e l e c t e d  c r o s s  s e c t i o n s ,  wi thout  
having  t o  review a l l  of them. I n  t h i s  c a s e ,  t h e  u s e r  e n t e r s  
t h e  i n d e x  number of  t h e  c r o s s  s e c t i o n  t o  be reviewed. T h i s  
s e l e c t i o n  is d i s p l a y e d ,  and t h e  user i s  p l a c e d  a t  t h e  C r o s s  
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S e c t i o n  / P h i  C u t  Menu l e v e l  and any  of  its o p t i o n s  may be 
e x e r c i s e d .  If o p t i o n  ( 4 )  is chosen, t h e  user is prompted f o r  
a n o t h e r  i n d e x  number. The informat ion  f o r  t h e  c r o s s  s e c t i o n s  
between the  l a s t  s e l e c t i o n  and the  c u r r e n t  s e l e c t i o n  a r e  r e a d  
in without  d i s p l a y i n g  each c r o s s  s e c t i o n  f i t  on t h e  s c r e e n .  
Review Only the  L a s t  F i t t i n g  
Allows the  user  t o  review only the  l a s t  c r o s s  s e c t i o n  t h a t  was 
f i t .  The in fo rma t ion  f o r  a l l  t he  preceding  c r o s s  s e c t i o n s  i s  
r e a d  i n  w i t h o u t  d i s p l a y i n g  e a c h  c r o s s  s e c t i o n  f i t  on t h e  
s c r e e n .  
Advance t o  Next Level without  Viewing 
Allows the  use r  t o  advance t o  t h e  next f i t t i n g  l e v e l  w i t h o u t  
v i e w i n g  any  i f  t h e  f i t s  f o r  t h e  c u r r e n t  l e v e l .  Th i s  op t ion  
can only  be e x e r c i s e d  i f  a l l  of t h e  c r o s s  s e c t i o n s  of t h i s  
l e v e l  have been  s u c c e s s f u l l y  f i t .  I f  a l l  of t he  c r o s s  sec-  
t i o n s  have been f i t ,  c h o o s i n g  t h i s  o p t i o n  w i l l  advance  t h e  
user  t o  t h e  next  l e v e l :  f i t t i n g  the  nose r eg ion .  

As m e n t i o n e d  a b o v e ,  a f t e r  a l l  of t h e  c r o s s  s e c t i o n s  have  been  
s u c c e s s f u l l y  f i t  ( t h e  u s e r  s h o u l d  encounter  t h e  "LAST CROSS SECTION!" 
message), t h e  n e x t  s t e p  is t o  f i t  the  nose reg ion  of t he  fuse lage .  T h i s  
p rocess  is t h e  t o p i c  of S e c t i o n  4. B u t  f i r s t ,  t h e  next  s e c t i o n  p r e s e n t s  
a more d e t a i l e d  look a t  t h e  mod i f i ca t ion  process  involved i n  t h e  c u r v e -  
f i t t i n g  of a c r o s s  s e c t i o n .  
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Section 3: Modification Features of the Code 

The Modification Menu a l l o w s  t h e  i n t e r a c t i v e  m o d i f i c a t i o n  of t h e  
c u r v e - f i t ' f o r  t h e  c u r r e n t  c r o s s  s e c t i o n .  T h i s  p r o c e d u r e  i s  a i d e d  by a 
g r a p h i c s  package which d i s p l a y s  the  data  p o i n t s  of t h i s  s e c t i o n ,  supple-  
mented by t h e  c o n t r o l  p o i n t s  which have been s p e c i f i e d  and t h e  r e s u l t i n g  
c o n i c  r e p r e s e n t a t i o n  o f  t h e  s e c t i o n .  A c r o s s - h a i r  is used t o  i d e n t i f y  
data p o i n t s  on t h i s  f i g u r e  which are des igna ted  t o  be c o n t r o l  p o i n t s ,  t o  
i n p u t  t h e  c o o r d i n a t e s  of new data p o i n t s ,  and t o  l o c a t e  c o n t r o l  p o i n t s  
where t h e  s l o p e  s p e c i f i c a t i o n s  are t o  be changed. The M o d i f i c a t i o n  Menu 
s e l e c t i o n s  are  descr ibed  below: 

Move CP 
Allows a n  e x i s t i n g  c o n t r o l  p o i n t  t o  be  moved t o  e i ther  an 
e x i s t i n g  da t a  p o i n t  o r  t o  a new data  p o i n t  t o  be  s p e c i f i e d  by  
t h e  u s e r .  
Add CP 
A l l o w s  t h e  a d d i t i o n  of a c o n t r o l  p o i n t  a t  e i ther  an e x i s t i n g  
data  p o i n t  or a t  a new data  p o i n t  t o  be spec i f i ed  by t h e  u s e r .  
Del CP 
Allows t h e  d e l e t i o n  o f  a c u r r e n t  c o n t r o l  p o i n t .  The u s e r  has  
t h e  o p t i o n  t o  e i t h e r  r e t a i n  or delete  t h e  data p o i n t  a t  t h i s  
l o c a t i o n .  
Move DP 
Allows an e x i s t i n g  data p o i n t  t o  be moved t o  a new l o c a t i o n .  
Add DP 
Allows t h e  a d d i t i o n  o f  a new data p o i n t  t o  t h e  e x i s t i n g  d a t a  
f i e l d .  
Del DP 
A l l o w s  t h e  d e l e t i o n  o f  a c u r r e n t  data p o i n t  from t h e  e x i s t i n g  
data  f i e l d .  
Change Specs at a CP 
A l l o w s  t h e  a l t e r a t i o n  o f  e n d  s l o p e  o r  b e g i n n i n g  s l o p e  
s p e c i f i c a t i o n s  a t  a c u r r e n t  c o n t r o l  p o i n t .  T h i s  process is 
c o n t r o l l e d  by t he  S p e c i f i c a t i o n s  Menu. 
Intermediate Point Changer 
Allows the  v a r i a t i o n  of t h e  i n t e r m e d i a t e  p o i n t  f o r  a given arc  
( a n d  a s  a r e s u l t ,  a l t e r  t h e  s h a p e  of t h e  a r c  f i t )  w i thou t  
a f f e c t i n g  its end p o i n t s  o r  end s l o p e s  ( F i g u r e  3 . 1 ) .  T h i s  
y i e l d s  a d i f f e r e n t  va lue  f o r  the  local c o e f f i c i e n t  C from tha t  
c a l c u l a t e d  i n  the  l e a s t - s q u a r e s  s o l u t i o n  f o r  t h e  a r c .  When 
t h i s  o p t i o n  i s  c h o s e n  by t h e  u s e r ,  t h e  c u r r e n t  i n t e r m e d i a t e  
p o i n t s  f o r  each o f  t he  arcs is d i s p l a y e d  o n  t h e  g r a p h .  When 
t h e  d e s i r e d  i n t e r m e d i a t e  p o i n t  i s  i d e n t i f i e d ,  t h e  c u r r e n t  
v a l u e  of i t s  Y R A T I O  p a r a m e t e r  i s  d i s p l a y e d  ( a  v a l u e  o f  
Y R A T I O  = 1 causes  t he  I n t e r m e d i a t e  p o i n t  t o  be c o i n c i d e n t  w i t h  
t he  s l o p e  p o i n t  f o r  tha t  arc,  w h i l e  Y R A T I O  = 0 y i e l d s  a l i n e  
segment) .  The use r  t h e n  i n p u t s  a va lue  o f  0 < Y R A T I O  < 1 ,  and 
t h e  f i t  for  t h i s  arc  is altered accord ing ly .  
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9 )  R e c a l c u l a t e  Conic F i t s  
S e l e c t i n g  o p t i o n s  ( 2 )  or  ( 7 )  w i l l  a u t o m a t i c a l l y  a c t i v a t e  t h e  
l e a s t - s q u a r e s  f i t t e r  when t h e i r  m o d i f i c a t i o n s  have been 
completed. However, t h e  user  must e n t e r  ( 9 )  t o  a c t i v a t e  t h i s  
f i t t e r ,  and i n  t u r n  r e f l e c t  t h e  changes i n  t h e  c u r v e - f i t  f o r  
t h i s  s e c t i o n ,  when any o p t i o n s  o t h e r  t h a n  ( 2 )  o r  ( 7 )  a r e  
exe rc i sed .  

The Zoom f e a t u r e  may be e n a b l e d  f o r  any of  t h e  above o p t i o n s  by 
s i m p l y  p l a c i n g  a decimal i n  f r o n t  of t h e  s e l e c t i o n  number when e n t e r i n g  
it .  Then us ing  t h e  c r o s s - h a i r ,  t h e  u s e r  may d e f i n e  a r e g i o n  o f  t h e  
g raph  t o  b e  en la rged .  T h i s  f e a t u r e  is e s p e c i a l l y  h e l p f u l  when l o c a t i n g  
a c o n t r o l  po in t  i n  a r eg ion  where t h e  d a t a  p o i n t s  are c l u s t e r e d ,  o r  when 
choosing t h e  coord ina te s  of a new da ta  p o i n t .  

When op t ion  ( 4 )  or (5 )  is e x e r c i s e d ,  t h e  I n p u t  I n t e r p r e t a t i o n  Menu 
is a c t i v a t e d .  T h i s  menu i s  a l s o  a c t i v a t e d  when ( 2 )  is  s e l e c t e d  t o  
d e f i n e  a c o n t r o l  po in t  a t  a new d a t a  p o i n t .  Through t h i s  menu, t h e  user  
i s  a b l e  t o  g o v e r n  how t h e  coord ina te s  o f ' t h e  new d a t a  po in t  (which a r e  
i n p u t  f rom t h e  s c r e e n  u s i n g  t h e  c r o s s - h a i r )  a r e  i n t e r p r e t e d  by t h e  
program ( F i g u r e  3 . 2 ) .  The s e l e c t i o n s  of t h i s  menu a r e  desc r ibed  below: 

Xin, Yin 
Allow8 t h e  u s e r  t o  accep t  t he  a c t u a l  va lues  a s  en te red  using 
t h e  c ros s -ha i r  t o  be t h e  coord ina te s  of t he  new d a t a  p o i n t .  
Xin ,  Y f i t  
Allows t h e  user  t o  accept  t h e  X-coordinate a s  i npu t  u s i n g  t h e  
c r o s s - h a i r ,  a long  w i t h  t h e  X-coordinate a s  c a l c u l a t e d  from the  
c u r r e n t  con ic  e q u a t i o n  a t  t h i s  X - l o c a t i o n ,  t o  be t h e  Coor- 
d i n a t e s  of t he  new d a t a  p o i n t .  
X f i t ,  Yin 
Al lows-  t h e  user  t o  accept  t h e  Y-coordinate a s  i n p u t  us ing  t h e  
c r o s s - h a i r ,  a long  w i t h  t h e  X-coordinate as  c a l c u l a t e d  from t h e  
c u r r e n t  c o n i c  e q u a t i o n  a t  t h i s  Y - l o c a t i o n ,  t o  be t h e  coor- 
d i n a t e s  of t h e  new d a t a  p o i n t .  

Al lows- the  user  t o  s e l e c t  t h e  poin t  g e n e r a t e d  by  t h e  c u r r e n t  
c o n i c  e q u a t i o n ,  based on t h e  angular  l o c a t i o n  of t h e  value a s  
i n p u t  by t h e  c r o s s - h a i r  ( X i n , Y .  1, t o  be t h e  c o o r d i n a t e s  of  i n  
t h e  new d a t a  p o i n t .  Defining an ang le  

X f i t ,  Y f i t  

- 
a r a d i u s  ( r f i t )  based on t h e  c u r r e n t  conic  equat ion  a t  t h i s  0 
is c a l c u l a t e d .  Thus ,  

= r cos$ ' f i t  f i t  ( 3 . 2 )  
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and - 
= r s i n T  ' f i t  f i t  (3 .3)  

5) Input Coords Using Keypad 
Allows t h e  use r  t o  Overr ide those c o o r d i n a t e s  as i n p u t  v i a  t h e  
c r o s s - h a i r  by s p e c i f y i n g  the d e s i r e d  c o o r d i n a t e s  of t h e  new 
data p o i n t  u s ing  the  keypad. 

When o p t i o n  ( 2 )  or ( 7 )  of the M o d i f i c a t i o n  Menu is  e x e c u t e d ,  t h e  
Specifications Menu is encoun te red . '  T h i s  a l lows  the u s e r  t o  d e f i n e  t h i s  
l o c a t i o n  t o  b e ' a  D i s c o n t i n u i t y  o r  t h e  b e g i n n i n g  o f  a l i n e  s e g m e n t .  
A l t e r n a t e l y ,  a known va lue  of a cont inuous s l o p e  may be a s s i g n e d ,  or the  
s l o p e  a t  t h i s  p o i n t  may be l e f t  a r b i t r a r y  w i t h  no u s e r  i n p u t  f o r  i t s  
value.  These o p t i o n s  are described more f u l l y  below: 

1 )  No Specifications 
Allows t h e  u s e r  t o  l e a v e  t h e  s l o p e  a t  t h i s  p o i n t  a rb i t ra ry .  
A s  a r e s u l t ,  i n  t h e  l e a s t - s q u a r e s  f i t t i n g  f o r  t he  c o n i c  equa-  
t i o n s  o f  t h i s  arc ,  t h e  on ly  c o n s t r a i n t  here is  t h a t  t he  cu rve  
p a s s  e x a c t l y  through t h i s  c o n t r o l  p o i n t .  S i n c e  no end  s l o p e  
has  b e e n  s p e c i f i e d ,  t h e  e q u a t i o n  of t h i s  arc must be s o l v e d  
s i m u l t a n e o u s l y  wi th  t h o s e  o f  its a d j a c e n t  arcs up t o  t h e  p o i n t  
where an end s l o p e  is s p e c i f i e d .  

Note: A s  a n  e x a m p l e ,  i f  t h e  b e g i n n i n g  s l o p e  has  
b e e n  s p e c i f i e d  a t  c o n t r o l  p o i n t  81 ( t h e  beg inn ing  
p o i n t  of arc # 1 ) ,  and t h e  o n l y  o t h e r  s p e c i f i c a t i o n  
i s  t h e  e n d  s l o p e  a t  c o n t r o l  p o i n t  #4 ( t h e  end p o i n t  
of arc #3),  t h e n  t h e  con ic  e q u a t i o n s  f o r  a r c s  1 ,  2 ,  
a n d  3 m u s t  b e  s o l v e d  s i m u l t a n e o u s l y ,  s i n c e  t h e  
s l o p e s  a t  c o n t r o l  p o i n t s  112 and  #3 h a v e  b e e n  l e f t  
a r b i t r a r y .  I f ,  however ,  e i t h e r  a c o n t i n u o u s  o r  
d i s c o n t i n u o u s  s l o p e  had b e e n  s p e c i f i e d  a t  c o n t r o l  
p o i n t  #3, t h e n  a rcs  111 and 82  would be s o l v e d  simul- 
t a n e o u s l y ,  w h i l e  a r c  # 3  w o u l d  b e  s o l v e d  
independent ly .  I n  y e t  ano the r  s i t u a t i o n ,  had a rc  #2 
been d e f i n e d  t o  be a l i n e  segment, t h e n  a r c s  %1 a n d  
%3 would be s o l v e d  independent ly .  

2 )  Line Segment 
Allows t h e  d e f i n i t i o n  o f  t h i s  c o n t r o l  p o i n t  t o  be the  begin- 
n i n g  p o i n t  of a l i n e  s e g m e n t .  L a t e r  m e n u s  a l l o w  t h e  
s p e c i f i c a t i o n  of t h e  end p o i n t  of t h i s  l i n e  segment,  as well 
as any d i s c o n t i n u i t i e s  which might occur a t  ei ther end o f  t h i s  
segment. 

Allows t h e  u s e r  t o  a s s i g n  a v a l u e  f o r  a con t inuous  s l o p e  a t  
t h i s  p o i n t .  A s  a r e s u l t ,  w h i l e  the e q u a t i o n s  f o r  t h e  a r c s  on  

3) Continuous Slope 
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e i t h e r  s i d e  of t h i s  p o i n t  are  so lved  independen t ly ,  t h e y  w i l l  
both p a s s  through t h i s  p o i n t  w i t h  the  same s l o p e .  

Allows t h e  use r  t o  d e f i n e  t h i s  p o i n t  t o  b e  a d i s c o n t i n u i t y .  
To do s o ,  t h e  use r  must a s s i g n  t h e  end s l o p e  of the arc whose 
end p o i n t  i s  t h i s  c o n t r o l  p o i n t ,  a l o n g  w i t h  t h e  b e g i n n i n g  
s l o p e  o f  t h e  arc  whose beginning p o i n t  is t h i s  c o n t r o l  p o i n t .  
A s  a r e s u l t ,  t h e  e q u a t i o n s  f o r  these arcs are s o l v e d  independ- 
e n t l y  s o  t h a t  t h e y  b o t h  p a s s  th rough  t h e  c o n t r o l  p o i n t ,  b u t  
w i t h  d i f f e r e n t  s l o p e s .  

4 )  Discont inuous S l o p e  

If  o p t i o n  ( 2 )  o f  t n e  S p e c i f i c a t i o n s  Menu i s  e x e r c i s e d  ( t h e r e b y  
i n i t i a t i n g  the  l i n e  segment c r e a t i o n  p r o c e s s ) ,  t h e  e n d  p o i n t  f o r  t h i s  
l i n e  segment must be  i d e n t i f i e d  v i a  t he  End Po in t  Menu. The o p t i o n s  f o r  
t h i s  end p o i n t  are d e s c r i b e d  below: 

1 )  A t  an E x i s t i n g  DP 
. Allows the  use r  t o  d e f i n e  t h e  c o n t r o l  p o i n t  a t  t h e  end of t h i s  

l i n e  segment  t o  be l o c a t e d  a t  an e x i s t i n g  da ta  p o i n t .  If t h e  
desired data p o i n t  is the  one i m m e d i a t e l y  a f t e r  t h e  c o n t r o l  
p o i n t  s e l e c t e d  a s  the  beginning p o i n t  (moving from the  t o p  of 
the  graph i n  a clockwise d i r e c t i o n ) ,  t h e n  t h e  c r o s s - h a i r  n e e d  
n o t  be moved. S t r i k i n g  any character w h i l e  t he  cross-hair is 
a t  its c u r r e n t  l o c a t i o n  w i l l  i n s t r u c t  t h e  program t o  d e f i n e  
t h e  da ta  p o i n t  immediately a f t e r  t h e  beginning p o i n t  t o  be the  
l i n e  segment end p o i n t .  

Allows the  use r  t o  d e f i n e  the  c o n t r o l  p o i n t  a t  t h e  end of t h i s  
l i n e  s e g m e n t  t o  b e  l o c a t e d  a t  a n  e x i s t i n g  c o n t r o l  p o i n t .  
Again, i f  t he  des i red  c o n t r o l  p o i n t  i s  t h e  o n e  i m m e d i a t e l y  
a f t e r  t h e  c o n t r o l  p o i n t  selected as t h e  beginning p o i n t ,  t h e n  
t h e  cross-hair need n o t  be moved b e f o r e  s t r i k i n g  t o  select  t h e  
end p o i n t .  

Allows t h e  use r  t o  d e f i n e  t h e  c o n t r o l  p o i n t  a t  the  end o f  t h i s  
l i n e  segment t o  be l o c a t e d  a t  a new d a t a  p o i n t .  The c o o r -  
d i n a t e s  o f  t h i s  d a t a  p o i n t  a r e  located w i t h  t h e  cross-hair ,  
s u b j e c t  t o  t he  I n p u t  I n t e r p r e t a t i o n  Menu o p t i o n s  d e s c r i b e d  
above. 

2) A t  an E x i s t i n g  CP 

3) A t  a New DP 

After t h e  end p o i n t  of the l i n e  segment has been d e f i n e d ,  t h e  u s e r  
must  n e x t  c o n s t r a i n  t h e  s l o p e s  a t  each of its ends.  These c o n s t r a i n t s  
are a p p l i e d  through the A d j a c e n t  Arc Menu whose o p t i o n s  a r e  o u t l i n e d  
below: 

1 )  S lopes  Continuous / No User I n p u t  
' Allows the use r  t o  c o n s t r a i n  the  end s l o p e  of the  arc a d j a c e n t  

t o  t he  l i n e  segment b e g i n n i n g  t o  b e  c o n t i n u o u s  a c r o s s  t h a t  
common c o n t r o l  p o i n t ,  whi le  c o n s t r a i n i n g  t h e  beginning s l o p e  
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of the  arc  a d j a c e n t  t o  the  l i n e  segment end  p o i n t  t o  be con- 
t i n u o u s  a c r o s s  t h e i r  common c o n t r o l  p o i n t .  T h i s  i s  t h e  
d e f a u l t  c o n d i t i o n  and therefore r e q u i r e s  no a d d i t i o n a l  u s e r  
i n p u t .  

2) Discon t inuous  S l o p e  a t  L i n e  Segment S t a r t  P t  
A l l o w s  t h e  u s e r  t o  c o n s t r a i n  t h e  beginning s l o p e  of the arc  
a d j a c e n t  t o  t h e  l i n e  segment end t o  be cont inuous a c r o s s  t h a t  
common c o n t r o l  p o i n t ,  whi le  d e f i n i n g  t h e  end s l o p e  o f  t h e  arc 
a d j a c e n t  t o  t h e  l i n e  s e g m e n t  b e g i n n i n g  p o i n t  t o  be d i s c o n -  
t i n u o u s  across  t h e i r  common c o n t r o l  p o i n t .  The va lue  of t h e  
end s l o p e  f o r  t h i s  arc must be i n p u t  by t h e  u s e r .  

Allows t h e  use r  t o  c o n s t r a i n  t h e  end s l o p e  of the arc a d j a c e n t  
t o  t h e  l i n e  s e g m e n t  b e g i n n i n g  t o  be c o n t i n u o u s  a c r o s s  t h a t  
common c o n t r o l  p o i n t ,  whi le  d e f i n i n g  t h e  b e g i n n i n g  s l o p e  o f  
t h e  a r c  a d j a c e n t  t o  t h e  l i n e  segment end p o i n t  t o  be discon-  
t i n u o u s  a c r o s s  t h e i r  common c o n t r o l  p o i n t .  The v a l u e  of t h e  
beg inn ing  s l o p e  f o r  t h i s  a rc  must be i n p u t  by t h e  u s e r .  

Allows t h e  use r  t o  d e f i n e  t h e  end s l o p e s  of the arcs a d j a c e n t  
t o  both ends of t h e  l i n e  segment t o  be d i scon t inuous  w i t h  the  
l i n e  s e g m e n t  s l o p e .  The va lues  of bo th  of these s l o p e s  must 
be  i n p u t  by t h e  u s e r .  

3) Discont inuous S lope  a t  L ine  Segment End P t  

4) Both End S l o p e s  are Discont inuous 

Note: I f  a l i n e  segment has been p r e v i o u s l y  d e f i n e d  t o  beg in  
a t  t h e  c o n t r o l  p o i n t  chosen t o  be t h e  b e g i n n i n g  o f  t h i s  l i n e  
s e g m e n t ,  t h e n  t h e  p r e v i o u s l y  d e f i n e d  end p o i n t  is r e t a i n e d .  
That is, the  p rev ious  d e f i n i t i o n  for t h i s  l i n e  segment is k e p t  
i n t a c t .  However ,  t h e  use r  a t  t h i s  time may choose t o  change 
the  s p e c i f i c a t i o n s  f o r  t h e  s l o p e s  a t  each end o f  t h i s  segment. 

T h u s ,  i f  t h e  u s e r  d e t e r m i n e s  t h a t  a p a r t i c u l a r  l i n e  
segment placement i s  s a t i s f a c t o r y ,  w h i l e  t h e  s l o p e s  a t  i t s  
e n d s  n e e d  t o  b e  m o d i f i e d ,  t h e n  t h e  m o d i f i c a t i o n  may be 
achieved i n  t h e  f o l l o w i n g  manner .  Apply o p t i o n  ( 7 )  of t h e  
M o d i f i c a t i o n  Menu t o  the  beginning p o i n t  of the  l i n e  segment 
i n  q u e s t i o n .  By s e l e c t i n g  o p t i o n  ( 2 )  of t h e  S p e c i f i c a t i o n s  
Menu,  r e p e a t  i t s  d e f i n i t i o n  a s  t h e  b e g i n n i n g  of a l i n e  
segment. S i n c e  t h i s  has been p r e v i o u s l y  d e f i n e d  t o  be a l i n e  
s e g m e n t ,  t h e  p r e v i o u s l y  d e f i n e d  end p o i n t  w i l l  be r e t a i n e d  by 
t h e  program, and t h e  u s e r  w i l l  n o t  e n c o u n t e r  t h e  End P o i n t  
Menu. I n s t e a d ,  t h e  use r  w i l l  advance d i r e c t l y  t o  t h e  Adjacent  
Arc Menu where t h e  d e s i r e d  a l t e r a t i o n s  i n  t h e  s l o p e s  may b e  
made; 

An a l t e r n a t e  procedure which would y i e l d  the  same r e s u l t s  
a s  above  would  a g a i n  r e q u i r e  t h e  e x e c u t i o n  of o p t i o n  ( 7 )  of 
t h e  M o d i f i c a t i o n  Menu, b u t  t h i s  time a t  t h e  e n d  p o i n t  where 
the  a c t u a l  c h a n g e ' i n  t h e  s l o p e  is t o  be made. Then by select-  
i n g  o p t i o n  ( 4 )  of the  S p e c i f i c a t i o n s  Menu, t h e  u s e r  may v a r y  
t h e  s l o p e  a t  t h a t  p o i n t .  

15 



I t  is s e e n  t h a t  t h e  s e l e c t i o n  o f  o p t i o n s  ( 2 ) ,  (31, o r  ( 4 )  above, or 
o p t i o n s  ( 3 )  or  ( 4 )  of t h e  S p e c i f i c a t i o n s  Menu, r e q u i r e s  t he  i n p u t  of 
s l o p e  va lues  by t h e  u s e r .  The l o a d i n g  of these s l o p e s  i s  made s i m p l e r  
t h r o u g h  t h e  u s e  o f  t h e  I1slope-linef1 ( F i g u r e  3 .3) .  The procedure is as 
f o l l o w s .  When t h e  u s e r  s e l e c t s  a n  o p t i o n  where t h e  s l o p e  m u s t  b e  
s p e c i f i e d ,  a n  e n l a r g e m e n t  o f  t h e  r e g i o n  a r o u n d  t h e  c o n t r o l  p o i n t  of 
i n t e r e s t  i s  d i s p l a y e d .  Any l i n e  s e g m e n t s  i n  t h i s  r e g i o n  a r e  a l s o  
p l o t t e d  f o r  r e f e r e n c e  purposes .  The l l s lope- l ine l l  is superimposed on the  
graph. T h i s  is a l i n e  whose s l o p e  is i n i t i a l i z e d  t o  t h e  v a l u e  of t h e  
s l o p e ' o f  a q u a d r a t i c  p a s s i n g  t h r o u g h  t h e  c o n t r o l  p o i n t  and  t h e  two 
p o i n t s  n e a r e s t  i t .  The use r  may t h e n  r o t a t e  t h i s  l i n e  ( p i v o t e d  a b o u t  
t h e  c o n t r o l  p o i n t )  i n  e i ther  a clockwise o r  counterclockwise d i r e c t i o n  
( i n  one-degree inc remen t s )  u n t i l  t he  des i red  s l o p e  i s  a c h i e v e d .  A s  a n  
a d d i t i o n a l  o p t i o n  t o  t h e  user ,  t h e  l l s l o p e - l i n e l l  mode o f  i n p u t  may be 
ove r r idden  and the  s l o p e  e n t e r e d  from the  keypad. 

Note: I f  t h e  u s e r  a t t e m p t s  t o  d e f i n e  the  beginning s l o p e  of 
an arc  which has p r e v i o u s l y  been d e f i n e d  t o  be a l i n e  segment,  
a message w i l l  b e  p r i n t e d  t o  t h e  s c r e e n  g i v i n g  t h e  use r  the 
o p t i o n  o f  r e t a i n i n g  t h e  l i n e  segment as p r e v i o u s l y  s p e c i f i e d ,  
o r  c o n t i n u i n g  w i t h  t h e  s l o p e  s p e c i f i c a t i o n  ( i n  which case the  
l i n e  segment w i l l  a u t o m a t i c a l l y  be d e l e t e d  by t h e  p r o g r a m ) .  
I f  t h e  l o a d i n g  of an  end  s l o p e  where a l i n e  segment ends is  
mandated by t h e  u s e r ' s  r e q u e s t ,  t h e  program w i l l  s k i p  t h e  e n d  
s l o p e  i n p u t  s e q u e n c e  ( r e t a i n i n g  t h e  p r e v i o u s l y  d e f i n e d  l i n e  
segment),  and advance  t o  t h e  b e g i n n i n g  s l o p e  s p e c i f i c a t i o n  
s e q u e n c e .  These f e a t u r e s  a l low the  use r  t o  p r e s c r i b e  a d i s -  
c o n t i n u i t y  a t  e i t h e r  e n d  of  a n  e x i s t i n g  l i n e  s e g m e n t  
(mentioned i n  t h e  p rev ious  No te ) .  

Note: The use r  may o v e r r i d e  t h e  d e f a u l t  s l o p e s  a t  t h e  f i r s t  
and  l a s t  c o n t r o l  p o i n t s  i n  a given c r o s s  s e c t i o n / l o n g i t u d i n a l  
c u t  by s e l e c t i n g  o p t i o n  ( 7 )  i n  the Modi f i ca t ion  Menu a n d  t h e n  
o p t i o n  ( 3 )  or ( 4 )  i n  t h e  S p e c i f i c a t i o n  Menu. The program w i l l  
r ecogn ize  t h a t  t h i s  is ei ther  t h e  f i r s t ' o r  l a s t  c o n t r o l  p o i n t ,  
a n d  t h u s ,  r a t h e r  t h a n  p r o m p t i n g  f o r  two s l o p e  i n p u t s ,  w i l l  
s imply r e q u e s t  the  s l o p e  which needs t o  be de f ined .  

I n s e r t i o n  a n d  d e l e t i o n  o f  d a t a  p o i n t s ,  c o n t r o l  p o i n t s ,  l i n e  seg- 
ments,  and s l o p e s  is made p o s s i b l e  by a series of r o u t i n e s  which s h i f t  
t he  e x i s t i n g  e n t r i e s  i n  t h e  a p p r o p r i a t e  arrays t o  allow f o r  i n s e r t i o n  of 
new v a l u e s .  T h i s  o rde r -p rese rv ing  p rocess  is necessa ry  s i n c e  t h e  l e a s t -  
s q u a r e s  f i t t i n g  r o u t i n e  is s t r u c t u r e d  t o  march around t h e  c r o s s  s e c t i o n  
i n  a c l o c k w i s e  d i r e c t i o n  b e g i n n i n g  a t  i ts  t o p  p o i n t  ( a s  m e n t i o n e d  
ea r l i e r ) .  

When a l i n e  s e g m e n t  is  c r e a t e d ,  i t s  c o e f f i c i e n t s  a n d  o t h e r  
p a r a m e t e r s  a r e  c a l c u l a t e d  s e p a r a t e l y  f rom t h e  l e a s t - s q u a r e s  s o l v e r .  
Then when the  l e a s t - s q u a r e s  s o l u t i o n  f o r  t h e  r e m a i n d e r  of t h e  c ross  
s e c t i o n  i s  c a l c u l a t e d ,  t h e  c o e f f i c i e n t s  f o r  t h i s  l i n e  segment e q u a t i o n  
are n o t  r e c a l c u l a t e d .  As a r e s u l t ,  computat ional  time is r e d u c e d  s i n c e  
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t h e  s p e c i f i c a t i o n s  f o r  t h i s  l i n e  segment  r e m a i n  unchanged u n t i l  t h e  
a c t u a l  l i n e  segment is modif ied.  

Note: Changes i n  the  s l o p e s  of the  ad jacen t  a r c s  a t  t he  l i n e  
segment end p o i n t s  do not  r e q u i r e  r e c a l c u l a t i o n  o f  t h e  l i n e  
segment parameters .  Such changes only affect  the  arc i n  which 
they occur ,  no t  t he  l i n e  segment ad jacen t  t o  i t .  

When l i n e  segments are s h i f t e d  due t o  t h e  i n s e r t i o n  o r  d e l e t i o n  of 
f i t t i n g  r e g i o n s  ( o t h e r  l i n e  s e g m e n t s ,  d i s c o n t i n u i t i e s ,  o r  c o n t i n u o u s  
s l o p e s ) ,  t h e  p a r a m e t e r s  of t h o s e  e x i s t i n g  l i n e  segments are preserved .  
Again, t h i s  e l i m i n a t e s  t he  n e e d  t o  r e c a l c u l a t e  v a l u e s  which h a v e  n o t  
changed .  T h i s  p r e s e r v a t i o n  of  p r e v i o u s  l i n e  segment  s p e c i f i c a t i o n s  
i n c l u d e s ' t h e  va lues  of the  end s l o p e s  of the a d j a c e n t  a r c s  a t  t h e  l i n e  
s e g m e n t  e n d  p o i n t s .  T h u s ,  s u c h  i n f o r m a t i o n  d o e s  n o t  have  t o  be 
r e p e a t e d l y  i n p u t  by t h e  use r .  

Now t h a t  the  m o d i f i c a t i o n  process  has been reviewed,  t h e  nex t  t o p i c  
is t h e  l o n g i t u d i n a l  b lending  of the  f u s e l a g e  c r o s s  s e c t i o n s .  S i n c e  t h e  
n o s e  r e g i o n  o f  t h e  f u s e l a g e  can cause  problems, and i n  marly c a s e s  is a 
key  r e g i o n  of s t u d y ,  i t  i s  handled s e p a r a t e l y  from t h e  remainder  of  t h e  
f u s e l a g e .  T h i s  s p e c i a l  t r ea tmen t  is the  t o p i c  of the next  s e c t i o n .  
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S e c t i o n  4: F i t t i n g  t he  Nose Region 

T h e  n o s e  r e g i o n  o f  t h e  f u s e l a g e  is  t r e a t e d  s e p a r a t e l y  from the 
remainder of t he  f u s e l a g e .  A s  a first a t tempt  a t  f i t t i n g  t h i s  r e g i o n ,  a 
gene ra l  3-D con ic  equa t ion  was s t u d i e d :  

Z + d,Y + d,X + d,YZ + d,Z 
2 2 2 

+ d,XY + d,XZ + d,Y + d,X + d, = 0 ( 4 . 1 )  

To impose symmetry about  t h e  Y-Z p l a n e ,  d S  = d,  = d ,  = 0 .  F u r t h e r  
c o n s t r a i n i n g  i t  t o  p a s s  through t h e  o r i g i n  r e q u i r e s  d, = 0. Also, t o  
have an i n f i n i t e  s l o p e  a t  t h e  o r i g i n  requires d, = 0. Thus;an a t t empt  
was made t o  f i t  t h e  p o i n t s  w i t h i n  the  nose r e g i o n  us ing  

2 2 2 
Z + d,Y + d2X + d,YZ + d,Z = 0 (4 .2 )  

S i n c e  c o n s t r a i n i n g  t h i s  e q u a t i o n  t o  pass through any f o u r  p o i n t s  
w i l l  d e f i n e  t h i s  equa t ion  e x a c t l y ,  and t h e r e  a r e  more t h a n  f o u r  d a t a  
p o i n t s  i n  t h e  nose r e g i o n ,  t h e  least  squa res  technique  was employed. I n  
apply ing  t h i s  approach t o  t h e  f i r s t  two c r o s s  s e c t i o n s  of t h e  f u s e l a g e ,  
i t  was found t h a t  the  data p o i n t s  were no t  smooth enough t o  y i e l d  a good 
nose r e g i o n  r e p r e s e n t a t i o n .  The re fo re ,  a n o t h e r  a p p r o a c h  f o r  t h e  n o s e  
r e g i o n  was deemed necessa ry .  

The next  approach  t a k e n  f o r  t h e  n o s e  r e g i o n  was f o u n d  t o  y i e l d  
s a t i s f a c t o r y  resu l t s ,  s o  a d e t a i l e d  d e s c r i p t i o n  is given i n  the fo l low-  
ing  pages.  The approach taken  here a l lows  f o r  a unique s p e c i f i c a t i o n  of 
t h e  n o s e ' r e g i o n  based  on  any  two c r o s s  s e c t i o n s  near  t h e  nose of t h e  
f u s e l a g e .  

Note: T h e s e  two c r o s s  s e c t i o n s  are no t  r e q u i r e d  t o  have t h e  
same number of c o n t r o l  p o i n t s .  I n  f a c t ,  t h e r e  a r e  no con- 
s t r a i n t s  on t h e i r  s e l e c t i o n ,  a l though it  is recommended t h a t  
t h e y  be l o c a t e d  a x i a l l y  near  the  nose of the fuse l age .  

The s e l e c t i o n  o f  t h e  two d e s i r e d  c r o s s  s e c t i o n s  by the use r  is 
accomplished through t h e  Nose Region D e f i n i t i o n  Menu. Here, each of the 
c r o s s  s e c t i o n s  of t h e  f u s e l a g e  a r e  l i s t e d  ac -co rd ing  t o  t h e i r  index 
numbers and ax ia l  l o c a t i o n s .  The u s e r  t h e n  s i m p l y  e n t e r s  t h e  i n d e x  
numbers  of t h e  two c r o s s  s e c t i o n s  t o  be used t o  d e f i n e  t h e  nose  r e g i o n  
f i t .  

. Using these s p e c i f i e d  c r o s s  s e c t i o n s ,  t h e  nose r e g i o n  is f i t  i n  t h e  
fo l lowing  manner. For a given mer id iona l  ( +  = c o n s t a n t )  ha l f -p l ane ,  t h e  
i n t e r s e c t i o n s  between t h i s  ha l f -p l ane  and t h e  conic  f i t t i n g s  f o r  t he  two 
c r o s s  s e c t i o n s  are found ( F i g u r e  4 . 1 ) .  These i n t e r s e c t i o n  p o i n t s ,  a long  
w i t h  t h e  n o s e  p o i n t  ( r = O , Z = O ) ,  a r e  c u r v e  f i t  i n  t h e  m e r i d i o n a l  
ha l f -p l ane  (F igu re  4.2) u s ing  a con ic  equa t ion  which i s  c o n s t r a i n e d  t o  

Z pass  through t h e  nose po in t  w i t h  an i n f i n i t e  value f o r  t h e  d e r i v a t i v e  r 
(see Appendix C f o r  d e t a i l s ) .  T h i s  equa t ion  is 

18 



2 2 

r + BUZ + C Z + D U r  Z = 0. ( 4 . 3 )  

f o r  t h e  upper s u r f a c e  ( $  = $ 1. The equa t ion  f o r  t he  complement of t h i s  

mer id iona l  ha l f -p l ane  ( +  = = $u - n) is 
u .  

2 2 

r + BIZ + C Z  + D l r  Z = 0. ( 4 . 4 )  

which is on t h e  lower s u r f a c e .  The c o e f f i c i e n t s  f o r  t h e s e  two equa t ions  
( h e n c e f o r t h  r e f e r r e d  t o  a s  a m e r i d i o n a l  p a i r )  a r e  e v a l u a t e d  s i m u l -  
t aneous ly  f o r  a given va lue  of $u. Due t o  symmetry, t h e  c u r v e - f i t  f o r  + 
= $, is i d e n t i c a l  t o  t h e  c u r v e - f i t  f o r  $ = -$u ( s e e  F i g u r e  4 . 1 ) .  T h u s ,  

f o r  a s y m m e t r i c  f u s e l a g e ,  a s e t  of mer id iona l  p a i r s  where 0 < $u < n / 2  

w i l l  encompass t h e  ent i re  f u s e l a g e  s i n c e  t h i s  g ives  -n/2 < $1 < 0. 

I t  can  be shown t h a t  t h e  r a d i u s  of c u r v a t u r e  a t  t h e  nose is given 
by 

- - 
- - 

Since  C($) is t h e  same f o r  t h e  upper and lower e q u a t i o n s ,  t h e  r a d i u s  of 
c u r v a t u r e  is cont inuous  between t h e  upper and lower s u r f a c e  a t  t h e  nose 
p o i n t  . 

E q u a t i o n s  ( 4 . 3 )  and ( 4 . 4 )  can  be c a s t  a s  t h e  f o l l o w i n g  s i n g l e  
equa t i on 

2 2 

r + Bk($)  Z + C ( $ )  Z + D k ( $ )  r Z = 0. ( 4 . 6 )  

where: f o r  the  upper s u r f a c e ,  k = u; 
f o r  t h e  lower s u r f a c e ,  k = 1. 

D i f f e r e n t i a t e  ( 4 . 6 )  w i t h  r e s p e c t  t o  4 t o  o b t a i n  

+ 
2 

B;(($) Z + + D;((4)  r Z 0 .  

Rearrange (4 .7)  t o  o b t a i n  

D i f f e r e n t i a t e  (4 .7 )  w i t h  r e s p e c t  t o  $ t o  o b t a i n  
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[ 2 r  + D k Z ]  r 4 $  + 2 [ r 4  + D i ( $ )  Z ]  r4 

2 
+ Bi'(4) Z + C " ( $ )  Z + D i ( $ )  r Z = 0. (4 .9 )  

Rearrange (4 .9 )  t o  o b t a i n  

( 4 . 1 0 )  

D i f f e r e n t i a t e  (4 .6)  w i t h . r e s p e c t  t o  Z t o  o b t a i n  

( 2  B k Z  + C + D k r )  
r = -  

D k Z  
Z 2 r  + 

D i f f e r e n t i a t e  (4 .9 )  w i t h  respect t o  Z t o  o b t a i n  

( 4 . 1 1  1 

( 4 . 1 2 )  

D i f f e r e n t i a t e  (4 .9 )  w i t h  r e s p e c t  t o  Q t o  o b t a i n  

[ 2  rZ + D k ]  r+ + 2 BLZ + C '  + D;[r + Z rz]  
r = -  

DkZ 
4)z 2 r  + 

(4 .13)  

The  c o e f f i c i e n t s  ( B u ,  B1, C ,  D U ,  and D ) are c o n s t a n t  for  a g iven  

mer id iona l  p a i r ,  b u t  i n  g e n e r a l  v a r y  w i t h  r e spec t  t o  I$. These  f i v e  
c o e f f i c i e n t s  m u s t  be  e v a l u a t e d  f o r  each m e r i d i o n a l  p a i r .  The f o u r  
i n t e r s e c t i o n  p o i n t s  between t h e  mer id iona l  p a i r  and t h e  two c r o s s  sec-  
t i o n s  a r e  t h e  only c o n s t r a i n t s  s p e c i f i e d  t h u s  f a r .  The f i f t h  c o n s t r a i n t  
i n v o l v e s  t h e  r a d i u s  o f  c u r v a t u r e  a t  t h e  n o s e  p o i n t .  T h e r e  is  some 
f l e x i b i l i t y  here  which  c a n  be e x e r c i s e d  by the use r  through the  Nose 
Radius of Curva tu re  Menu. The o p t i o n s  are: 

1 

1 )  Constant  wi th  r e s p e c t  t o  P h i  
Allows t h e  use r  t o  i n p u t  a s p e c i f i c  v a l u e  f o r  R which is t o  be  
used f o r  a l l  o f  t h e  mer id iona l  c u t s  ( R  = R X Z =  

Allows t h e  use r  t o  i n p u t  a v a l u e  of R a t  t h e  nose f o r  the  Y Z  
(symmetry) p l a n e  (0 = +71/2) and  a v a l u e  o f  R f o r  t h e  X Z  
p l a n e  (41  = 0 ) .  The program t h e n  u s e s  t h e  folffowing e l l i p -  
so ida l  d i s t r i b u t i o n  (whose d e r i v a t i o n  is o u t l i n e d  i n  Appendix 

R Y z )  * 2)  E l l i p s o i d a l  D i s t r i b u t i o n  
Y Z  

20 



I 

D) of these two v a l u e s  f o r  t he  mer id iona l  c u t s  where 0 < 101 < 
n/2:  

-1 R ( Q )  = [e s i n  Q + -1 cos Q 

RYZ 
(4 .14)  

where 
= r a d i u s  of c u r v a t u r e  i n  X-Z p l a n e  (Q = 0)  

= r a d i u s  of c u r v a t u r e  i n  Y-Z p l a n e  (Q = +n/2 )  

RXZ 

RY z 
3) Curva tu re  Determined by Program 

Allows t h e  u s e r  t o  l e a v e  t h e  r a d i u s  of c u r v a t u r e  as p a r t  of 
t h e  s o l u t i o n .  I n  t h i s  case, t he  program se t s  D = D = -D1 s o  

t h a t  t h e  f o u r  c ros s  s e c t i o n  i n t e r s e c t i o n s  uniquely  de te rmine  
BU,  B1, C ,  and D and no a d d i t i o n a l  c o n s t r a i n t  is necessa ry .  

U 

H + Bk ( i I z 2  + c ( i ) +  D k i ) r  z = 0. (4 .15)  k 

where: for (4 .61 ,  i = 0 and 
2 

H = rk ;  

H = ( 2  r + DkZ) r ; and 

k 

f o r  (4.71,  i = 1 and 

'k k k 

for (4.91,  i = 2 and 
H = ( 2  r + D Z) rQQ + 2 [ r k  + DkZ] r . 

k k 'k k 

Applying the  c o n s t r a i n t s  t o  equa t ion  (4 .15)  y i e l d s  

(4 .16)  

If the nose  r a d i u s  of c u r v a t u r e  has been s p e c i f i e d  by the u s e r  t h e n  t h e  

v a l u e  for  C ( i )  is determined from 

where : 
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R ( O ) ( + )  = R ( + )  is de f ined  by equa t ion  ( 4 . 1 4 )  

t h e n  R ( $ )  = c o n s t a n t  and R ' ( $ )  = R " ( + )  = 0 R Y Z  ' Note: I f  RXZ= 

s o  t h a t  C ( $ )  = c o n s t a n t  and C ' ( @ )  = C " ( + >  = 0. 

( i >  is I f  t he  r a d i u s  of c u r v a t u r e  is u n c o n s t r a i n e d  by t h e  u s e r ,  t h e n  C 

e v a l u a t e d  by equa t ing  t h e  expres s ions  f o r  D L i )  and - D ( i )  l given i n  equa- 
t i o n  (4 .15) .  Thus, 

2 2 2 2 
H Z, - H Z, H1'Zl - H 1 1 Z 2  

u2 U l  2 

( 4.20) 

F i n a l l y ,  

L 

W i t h  t h e  c o e f f i c i e n t s  cons t r a ined  i n  t h i s  f a s h i o n ,  t he  body r a d i u s  
( r )  a long  w i t h  its first  and second p a r t i a l  d e r i v a t i v e s  c a n  be c a l c u -  
l a t e d  f o r  any  ( Z , $ )  l o c a t i o n  w i t h i n  t h e  n o s e  r e g i o n  us ing  equa t ions  
(4.61, (4 .81,  and (4 .10 )  through (4 .13) .  

Once the  user has selected t h e  two c r o s s  s e c t i o n s  which w i l l  d e f i n e  
t h e  nose  r e g i o n  f i t ,  a long  w i t h  the  des i r ed  r a d i u s  of c u r v a t u r e  o p t i o n ,  
t h e  program a u t o m a t i c a l l y  c a l c u l a t e s  t h e  c o e f f i c i e n t s  for  equa t ions  
spanning ( a t  discrete AI$ increments )  t h e  e n t i r e  Nose Region ( - n / 2  < + 
- < n / 2 ) .  The u s e r  may t h e n  s c r u t i n i z e  t h i s  s u r f a c e - f i t  a ided by-the 
g r a p h i c s  r o u t i n e s  accessed through t h e  Viewer Menu ( F i g u r e  4 . 3 ) .  T h i s  
p l o t t i n g  package  i s  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  6. Should the  f i t  
prove t o  be u n s a t i s f a c t o r y ,  t h e  user may o p t  t o  r e t u r n  t o  t h e  Nose 
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Region  D e f i n i t i o n  Menu and  choose  two o t h e r  l l cons t r a in ing l l  c r o s s  sec- 
t i o n s ,  o r  modify t h e ' n o s e  r a d i u s  of c u r v a t u r e  d i s t r i b u t i o n  v i a  t h e  Nose 
Radius of Curva ture  Menu. 

Once a s a t i s f a c t o r y  f i t  is r e a l i z e d ,  t h e  user i n s t r u c t s  the program 
t o  a d v a n c e  t o  t he  next  l e v e l :  l o n g i t u d i n a l l y  b lending  t h e  remainder of 
t h e  c r o s s  s e c t i o n s  of t h e  f u s e l a g e .  T h i s  is t h e  t o p i c  o f  t h e  n e x t  
sect  i on. 
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S e c t i o n  5: Long i tud ina l  Blending of the Fuse lage  Cross S e c t i o n s  

When a l l  o f  t h e  f u s e l a g e  c r o s s  s e c t i o n s  a n d  t h e  n o s e  r e g i o n  h a v e  
b e e n  s a t i s f a c t o r i l y  f i t ,  t h e  n e x t  s t e p  is t o  b l end  the  f u s e l a g e  c r o s s  
s e c t i o n s  a f t  of t h e  nose r e g i o n  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  T h i s  
y i e l d s  a s e t  o f  e q u a t i o n s  which descr ibe  t h e  e n t i r e  f u s e l a g e  s u r f a c e .  
A s  a f irst  a t t empt  f o r  t h i s  b l end ing  p r o c e s s ,  t he  o v e r l a p p i n g  p a r a b o l a  
( o r  p a r a b o l i c  b l e n d i n g )  t e c h n i q u e  was e x p l o r e d .  The p r o c e s s  is as  
fo l lows .  

A s  w i t h  t h e  n o s e  r e g i o n ,  t h e  l o n g i t u d i n a l  f i t t i n g  is handled w i t h  
equa t ions  which hold f o r  a given mer id iona l  ( 6  = c o n s t a n t )  h a l f - p l a n e .  
The i n t e r s e c t i o n s  between t h i s  h a l f - p l a n e  and t h e  cu rves  of each of t h e  
c r o s s  s e c t i o n  f i t s  a re  t h e n  f i t  w i t h  a s e r i e s  o f  p a r a b o l a s .  Each o f  
these pa rabo las  is c o n s t r a i n e d  t o  go through three c o n s e c u t i v e  i n t e r s e c -  
t i o n  p o i n t s .  A s  a r e s u l t ,  t he  r e g i o n  between any two c r o s s  s e c t i o n s  i s  
f i t  b y  two p a r a b o l i c  e x p r e s s i o n s .  A weigh t ing  f u n c t i o n  is employed t o  
b l end  these two cu rves .  

T h i s  t e c h n i q u e  y i e l d s  a body f i t  which  is  c o n s t r a i n e d  t o  p a s s  
t h r o u g h  each o f  t h e  c r o s s  s e c t i o n  f i t s  w i t h  a c o n t i n u o u s  s l o p e .  
F u r t h e r ,  t h e  v a l u e s  f o r  the  f irst  and second d e r i v a t i v e s  can  be e a s i l y  
c a l c u l a t e d  f o r  any p o i n t  on t h e  f u s e l a g e .  And p e r h a p s  t h e  n i c e s t  f e a -  
t u r e  of t h i s  approach is t h e  f ac t  t h a t  i t  is completely automatic .  That 
is, once the  c r o s s  s e c t i o n s  and  nose r e g i o n  have b e e n  f i t t e d ,  no a d d i -  
t i o n a l  u s e r  i n p u t  is r e q u i r e d  t o  g e n e r a t e  t h e  f u s e l a g e  f i t  -- a l l  o f  t h e  
c o e f f i c i e n t  e v a l u a t i o n s  n e c e s s a r y  f o r  t h e  b l e n d s  a r e  p e r f o r m e d  
autonomously by t h e  code. 

U n f o r t u n a t e l y ,  some of t he  very f e a t u r e s  which make t h i s  t e c h n i q u e  
a t t r a c t i v e ,  a l s o  m a k e  i t  unaccep tab le .  S i n c e ,  as mentioned i n  S e c t i o n  
2 ,  t h e  d a t a  p o i n t s  i n  a g i v e n  cross  s e c t i o n  may n o t  be  smooth, t h e  
r e s u l t i n g  cu rve  f i t  through them may not  be smoothly va ry ing  between the 
c r o s s  s e c t i o n  s t a t i o n s .  A s  a r e s u l t ,  f o r c i n g  t h e  l o n g i t u d i n a l  b l e n d  t o  
p a s s  e x a c t l y  t h r o u g h  each c r o s s - s e c t i o n a l  c u r v e - f i t  y i e l d s  u n d e s i r a b l e  
"wiggles t f .  I n  a d d i t i o n ,  a l t h o u g h  a c o n t i n u o u s  s l o p e  i s  d e s i r a b l e  i n  
most  ca ses ,  there are times when t h e  f u s e l a g e  s u r f a c e  may a c t u a l l y  have 
d i s c o n t i n u i t i e s  ( f o r  example, canop ies  o r  p o d s ) .  Wi th  these  s h o r t c o -  
mings i n  mind, ano the r  approach t o  t h e  l o n g i t u d i n a l  b l end ing  was t aken .  

The c u r v e - f i t t i n g  procedure used f o r  t h e  c r o s s  s e c t i o n s  i s  s e e n  a s  

1 )  smoothness of t h e  "data po in t s "  ( i n  t h i s  case, t h e  r a d i u s  a t  each 
c r o s s  s e c t i o n  s t a t i o n  c a l c u l a t e d  f rom t h e  r e s p e c t i v e  c r o s s -  
s e c t i o n a l  c u r v e - f i t s )  is not  gua ran teed ,  

a c a n d i d a t e  f o r  the  l o n g i t u d i n a l  b l end ing  p rocess  s i n c e :  

2 )  i n f l e c t i o n  p o i n t s  not  c o n t r o l l e d  by t h e  user are  u n d e s i r a b l e ,  

3 )  s u r f a c e  d i s c o n t i n u i t i e s  and l i n e  segments may be allowed. 
and 

Thus,  e q u a t i o n  ( 2 . 1 )  is modif ied f o r  use i n  t h e  c o n s t a n t  41 ha l f -p l ane :  

2 2 

A,r + A , r Z  + A 3 Z  + A , r  + A 5 Z  + A, = 0 (5.1 1 
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The a x i a l  d e r i v a t i v e s  f o r  a g i v e n  m e r i d i o n a l  c u t  a r e  r e a d i l y  
a v a i l a b l e .  D i f f e r e n t i a t e  e q u a t i o n  (5 .1 )  w i t h  r e s p e c t  t o  Z t o  o b t a i n  

2 A , Z  + A,r + A, 

Z 2 A , r  + A 2 Z  + A, 
r = -  

Now d i f f e r e n t i a t e  e q u a t i o n  ( 5 . 2 )  w i t h  r e s p e c t  t o  Z t o  o b t a i n  

( A l r Z  + A , )  rZ + A ,  

zz 2 A,r + A,Z + A, 
r = -2 

( 5 . 2 )  

(5 .3 )  

A s  w i t h  t h e  p a r a b o l i c  b l e n d i n g  t e c h n i q u e ,  t h e  s u r f a c e  f i t  here  i s  
handled by a p p l y i n g  t h i s  e q u a t i o n  t o  m e r i d i o n a l  c u t s  ( - ~ / 2  < 41 5 
~ / 2 )  o f  t h e  f u s e l a g e  c r o s s  s e c t i o n s .  The i n t e r s e c t i o n s  between these 
h a l f - p l a n e s  and t h e  c r o s s - s e c t i o n a l  c u r v e - f  i t s  a r e  c u r v e - f  i t  i n  t h e  
l o n g i t u d i n a l  d i r e c t i o n .  

Note: The m o d i f i c a t i o n  p l o t s  of a g iven  m e r i d i o n a l  c u t  w i l l  
h a v e  t h e  n o s e  of  t h e  f u s e l a g e  a t  t h e  t o p ,  t h e  r ea r  o f  t h e  
f u s e l a g e  a t  the bottom, and t h e  body r a d i u s  measured h o r i z o n -  
t a l l y  due  t o  t h e  above t r a n s f o r m a t i o n s  of the  e q u a t i o n s .  The 
u s e r  b e g i n s  t h e  b l end ing  p rocess  w i t h  t h e  @ = ~ / 2  m e r i d i o n a l  
c u t ,  proceeds around t h e  f u s e l a g e  a t  p r e s c r i b e d  AI$ i nc remen t s ,  
and f i n i s h e s  t he  b l end ing  s e s s i o n  wi th  t h e  @ = - ~ / 2  c u t .  A s  a 
r e s u l t ,  t h e  u p p e r  c u r v e  o f  t h e  symmetry p l a n e  is t h e  first 
m e r i d i o n a l  c u t  t o  be  l o n g i t u d i n a l l y  f i t ,  whi le  t h e  lower cu rve  
of the symmetry p l a n e  is t h e  l a s t  t o  b e  l o n g i t u d i n a l l y  f i t .  

Note: C u r r e n t l y  t h e  c o d e  d i v i d e s  t h e  f u s e l a g e  h a l f - s p a c e  
( - 7 ~ 1 2  < $ < ~ / 2 )  i n t o  50 equa l  i n t e r v a l s  ( A @  = 3.6 degrees). 
A s  a r G u l t T  51 mer id iona l  c u t s  must be  f i t  t o  encompass  t h e  
e n t i r e  f u s e l a g e .  T h i s  s p a c i n g  is n o t  s ac red ,  a n d  may be 
v a r i e d  by t h e  u s e r .  

The a p p r o a c h  o f  t h e  c u r r e n t  method d i f f e r s  from tha t  o f  the method 
descr ibed i n  r e f e r e n c e  1 1  i n  t h e  fo:Llowing a reas .  I n  t h e  l a t t e r ,  t h e  
l o n g i t u d i n a l  f i t t i n g  p r o c e s s  is a p p l i e d  a t  every @ - l o c a t i o n  used i n  the 
a p p l i c a t i o n  o f  t h e  method. For a l a r g e  number of s u r f a c e  p o i n t s ,  t h i s  
a p p r o a c h  c a n  lead t o  a s i g n i f i c a n t  amount of work f o r  t h e  u s e r .  I n  t h e  
c u r r e n t  approach,  t h e  l o n g i t u d i n a l  f i t t i n g  p rocess  i s  p e r f o r m e d  i n  t h e  
i n i t i a l  s e t u p  over  the  e n t i r e  r ange  of the f u s e l a g e  (-n/2 < (I < n/2) a t  
discrete  $ - l o c a t i o n s .  The a c t u a l  e v a l u a t i o n s  i n  t he  a p p l i c a t i o n  of t h i s  
method a re  accomplished through a set  of i n t e r p o l a t i o n  r o u t i n e s  so  t h a t  
t h e  body r a d i u s  and its d e r i v a t i v e s  may be  e v a l u a t e d  a t  any p o i n t  on t h e  
g e o m e t r y .  I n  c o n t r a s t ,  t h e  method of r e f e r e n c e  1 1  a l s o  r e q u i r e s  t h a t  
t h e  first and second $ - d e r i v a t i v e s  be l o n g i t u d i n a l l y  c u r v e - f i t  a t  e v e r y  
@ - l o c a t i o n  where the  model is a p p l i e d ,  t h u s  r e q u i r i n g  even more work of 
t h e  u s e r .  
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As w i t h  t h e  c r o s s  s e c t i o n s ,  t he  mer id iona l  c u t s  are broken up i n t o  
a r c s  t h r o u g h  t h e  s p e c i f i c a t i o n  o f  c o n t r o l  p o i n t s .  T h e  i n i t i a l  
s p e c i f i c a t i o n s  p l a c e  t he  f irst  c o n t r o l  p o i n t  a t  t h e  i n t e r s e c t i o n  between 
t h e  mer id iona l  ha l f -p l ane  and t h e  c r o s s  s e c t i o n  s p e c i f i e d  t o  b e  t h e  e n d  
o f  t h e  n o s e  r e g i o n  f i t  ( r eca l l  t h a t  t h e  nose f i t  is c o n s t r a i n e d  t o  pass 
through t h i s  c r o s s - s e c t i o n a l  c u r v e - f i t ) .  The  l a s t  c o n t r o l  p o i n t  is 
l o c a t e d  a t  t h e  i n t e r s e c t i o n  be tween t h e  l a s t  c r o s s  s e c t i o n  o f  t h e  
f u s e l a g e  and the  mer id iona l  ha l f -p l ane .  The l o n g i t u d i n a l  s l o p e  a t  t h e  
f i r s t  c o n t r o l  p o i n t  i s  o b t a i n e d  from the  nose r e g i o n  f i t .  T h e r e f o r e ,  
i n i t i a l l y  t h e  l o n g i t u d i n a l  f i t  has a con t inuous  s l o p e  a c r o s s  t h i s  j u n c -  
t u r e  be tween t h e  n o s e  r e g i o n  f i t  a n d  t h e  f u s e l a g e  a f t e rbody  ( F i g u r e  
5 . 1 ) .  

Note: I n i t i a l  a t t e m p t s  t o  use t h i s  approach d i d  n o t  t rea t  the  
nose r e g i o n  separately.  That  is ,  t h e  e n t i r e  f u s e l a g e  from the  
n o s e  t o  t h e  rear was f i t  as one e n t i t y .  However, examination 
of t h e  r e s u l t i n g  s u r f a c e  f i t  r e v e a l e d  t h a t  w h i l e  t h e  w i g g l e s  
i n  t h e  Z - d i r e c t i o n  were e l i m i n a t e d ,  t hey  d i d  e x i s t  i n  t h e  $- 
d i r e c t i o n .  T h i s  phenomenon was most  p r e v a l e n t  i n  t h e  n o s e  
r e g i o n  and  a p p e a r e d  t o  b e  l a r g e l y  d u e  t o  t he  fac t  t h a t  t h e  
m e r i d i o n a l  c u t s  were f i t  independent ly  o f  each o t h e r .  Thus, a 
way t o  somehow t l t i e l t  them t o g e t h e r  was deemed necessa ry .  A 
n a t u r a l  c h o i c e  f o r  t h i s  " b r i d g e f 1  b e t w e e n  t h e  c u t s  was t o  
r e i n s t a t e  t h e  nose r e g i o n  f i t .  

I n  a manner analogous t o  t h e  f u s e l a g e  c r o s s - s e c t i o n a l  c u r v e - f i t t i n g  
p r o c e d u r e ,  t h e  u s e r  c u r v e - f i t s  a set of m e r i d i o n a l  c u t s  which encompass 
t he  e n t i r e  f u s e l a g e  beginning i n  t h e  upper symmetry p l a n e  ($  = n / 2 )  and  
r o t a t i n g  around t o  t h e  lower symmetry p l a n e  ($  =  IT/^). A s  w i t h  each of 
t h e  f u s e l a g e  c r o s s - s e c t i o n a l  c u r v e - f  i t s ,  t h e  c u r v e - f  i t  f o r  a g i v e n  
mer id iona l  c u t  is independent o f  t he  f i ts  f o r  t h e  other mer id iona l  c u t s .  
As a r e s u l t ,  t h e  l o n g i t u d i n a l  l o c a t i o n s  of t he  c o n t r o l  p o i n t s  may d i f f e r  
from one  mer id iona l  c u t  t o  ano the r .  I n  a d d i t i o n ,  t h e  l o n g i t u d i n a l  s l o p e  
s p e c i f i c a t i o n s  a t  these c o n t r o l  p o i n t s  may a l s o  vary from mer id iona l  c u t  
t o  mer id iona l  c u t .  

I n  g e n e r a l ,  t h e  f i t  f o r  a g iven  mer id iona l  c u t  w i l l  b e  s imi la r  t o  
t hose  f i t s  a d j a c e n t  t o  i t  ( i n  t h e  $ - d i r e c t i o n ) .  T h e r e f o r e ,  i n  an a t -  
t e m p t  t o  e x p e d i t e  t h e  m e r i d i o n a l  f i t t i n g  p r o c e s s ,  r a t h e r  t h a n  
i n i t i a l i z i n g  a g iven  c u t  t o  t h e  p r e v i o u s l y  mentioned v a l u e s ,  t he  c u r r e n t  
f i t  is loaded  acco rd ing  t o  t h e  s p e c i f i c a t i o n s  o f  t h e  m e r i d i o n a l  c u t  
w h i c h  i m m e d i a t e l y  p recedes  i t .  T h u s ,  a l l  o f  t h e  c o n t r o l  p o i n t ,  l i n e  
segment,  and s l o p e  s p e c i f i c a t i o n s  of t he  p rev ious  f i t  a r e  r e t a i n e d  f o r  
the  c u r r e n t  c u t .  

Note: While t h e  l o c a t i o n s  o f  p r e v i o u s  s p e c i f i c a t i o n s  a r e  
m a i n t a i n e d ,  t h e y  a r e  based  on t h e  d a t a  c o o r d i n a t e s  of t h e  
c u r r e n t  mer id iona l  c u t .  For example, a l i n e  segment whose end 
p o i n t s  i n  t h e  p r e v i o u s  c u t  were a t  d a t a  p o i n t s  1/12 and A14 
would a g a i n  have its end p o i n t s  a t  t h e s e  Z - l o c a t i o n s  i n  t h e  
c u r r e n t  c u t .  However ,  t h e  r - c o o r d i n a t e s  of  t h e s e  p o i n t s  
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d i f f e r  between c u t s ,  i n  g e n e r a l ,  and  these  d i f f e r e n c e s  a r e  
r e f l e c t e d  i n  t h e  c o e f f i c i e n t s  o f  the i r  r e s p e c t i v e  equa t ions .  
S i m i l a r l y ,  s i n c e  s l o p e s  are a l s o  dependent on the  c o o r d i n a t e s  
o f  t h e  d a t a  p o i n t s ,  t he  l o c a t i o n  of a l l  s l o p e  s p e c i f i c a t i o n s  
a re  honored,  b u t  each is loaded  w i t h  t h e  v a l u e  of t he  s l o p e  of 
a q u a d r a t i c  p a s s i n g  t h r o u g h  i t s  s p e c i f i c a t i o n  p o i n t  and the  
two p o i n t s  a d j a c e n t  t o  i t .  And f i n a l l y ,  t h e  s l o p e  a t  c o n t r o l  
p o i n t  # 1  i s  s t i l l  d e f i n e d  t o  be t h e  v a l u e  of the  nose r e g i o n  
s l o p e  a t  t h a t  p o i n t .  

If t h e s e  s p e c i f i c a t i o n s  do no t  y i e l d  a s a t i s f a c t o r y  f i t  for  t he  c u r r e n t  
$ -cu t ,  t h e  u s e r  may modify them i n  t h e  same manner as the  c r o s s  s e c t i o n s  
were modif ied ( d i s c u s s e d  i n  S e c t i o n  3 ) .  When a r ange  of mer id iona l  c u t s  
encompassing the  e n t i r e  f u s e l a g e  has  b e e n  s u c c e s s f u l l y  c u r v e - f  i t ,  a 
p l o t t i n g  array is a u t o m a t i c a l l y  loaded  by the  program. T h i s  a l lows  the  
s u r f a c e - f i t  of t he  f u s e l a g e  ( F i g u r e  5 .2)  t o  be viewed by t h e  u s e r  ( s e e  
S e c t i o n  6 ) .  

A s  a l l u d e d  t o  a t  v a r i o u s  times t h u s  f a r  i n  t h i s  w r i t i n g ,  t h e  
p r o c e s s  of i n t e r a c t i v e l y  s c r u t i n i z i n g  and modifying a g iven  f i t t i n g  is 
a ided  by the s c r e e n  graphics  c a p a b i l i t i e s  of t h e  program. I n  a d d i t i o n ,  
t h e  u s e r  may a l s o  v i s u a l l y  a n a l y z e  t h e  c u r r e n t  s u r f a c e  f i t  of t h e  
f u s e l a g e  th rough  a v a r i e t y  o f  v i e w i n g  o p t i o n s .  The  d e t a i l s  of  t h i s  
g r a p h i c s  package are  t h e  s u b j e c t  o f  t he  nex t  s e c t i o n .  
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Section 6: Interactive Graphics Routines 

An i n t e g r a l  p a r t  o f  t h e  u s e r - f r i e n d l i n e s s  of t h i s  code r e v o l v e s  
around the graphics r o u t i n e s  which are accessed d u r i n g  the  e x e c u t i o n  of 
t h e  program. I n  f a c t ,  i t  is t h e  u s e r ' s  a b i l i t y  t o  v i ew the  f i t t i n g  of a 
given cross s e c t i o n  o r  @-cut t h a t  makes the  e n t i r e  i n t e r a c t i v e  modifica- 
t i o n  p r o c e s s  work. 

I n  a d d i t i o n ,  a s e p a r a t e  s e c t i o n  o f  t he  g r a p h i c s  package a l l o w s  t h e  
v i s u a l  a n a l y s i s  of the  f u s e l a g e  surface f i t  as gene ra t ed  by t h e  c u r r e n t  
l o n g i t u d i n a l  b l end ings  (see S e c t i o n  5 ) .  T h i s  s e c t i o n  a l s o  a l lows  t h e  
u s e r  t o  i n s p e c t  t h e  s u r f a c e  f i t  of t h e  nose r e g i o n  (see S e c t i o n  41, and 
bo th  the  wing and wing-body combination ( d i s c u s s e d  i n  S e c t i o n s  9 and 10, 
r e s p e c t i v e l y ) .  

After a given s e t  of data p o i n t s  ( c r o s s  s e c t i o n  o r  @-cu t )  is f i t  i n  
a l e a s t - s q u a r e s  s e n s e  a c c o r d i n g  t o  the  s p e c i f i c a t i o n s  made (e i ther  by 
the  use r  or by d e f a u l t ) ,  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e  c r o s s  s e c t i o n  
i s  d i s p l a y e d  on  t h e  t e r m i n a l  s c r e e n .  The r a n g e  a n d  domain o f  t h i s  
f i g u r e  have been c a l c u l a t e d  so  t h a t  t h e  r e s u l t i n g  d r a w i n g  is  a n  u n d i s -  
t o r t e d  image of t h e  c r o s s  s e c t i o n  or $-cut f i t .  S i m p l y  p u t ,  t h e  p l o t  of 
a c i r c u l a r  c r o s s  s e c t i o n  would i n  f ac t  be a c i rc le .  

Inc luded  on t h i s  f i g u r e  are the o r i g i n a l  data p o i n t s  (marked by 1 1 + 1 1  

symbols), t h o s e  p o i n t s  d e f i n e d  t o  b e  c o n t r o l  p o i n t s  ( t h e  1 1 + 1 1  symbol  
o v e r s t r u c k  w i t h  a diamond s h a p e ) ,  and a p l o t  of t he  arcs p a s s i n g  through 
these p o i n t s  ( a  s o l i d  l i n e ) .  The p l o t  is labeled w i t h  t he  i n d e x  number 
of t h e  c r o s s  sec t ion /$ -cu t  be ing  d i s p l a y e d ,  a long  w i t h  its a x i a l -  o r  @ -  
l o c a t i o n  on the  f u s e l a g e .  

S e v e r a l  a d d i t i o n a l  g r a p h i c s  d e v i c e s  a r e  employed d u r i n g  t h e  
m o d i f i c a t i o n  p r o c e s s  (see S e c t i o n  3 ) .  F i r s t  of a l l ,  a zoom o p t i o n  may 
b e  a c t i v a t e d  i n  c o n j u n c t i o n  w i t h  a n y  o f  t h e  s e l e c t i o n s  from t h e  
M o d i f i c a t i o n  Menu i n  o r d e r  t o  make t h e  r e q u i r e d  s e l e c t i o n s  e a s i e r  f o r  
t h e  u s e r  i n  c l u t t e r e d  areas on t h e  d i s p l a y .  A similar close-up o f  t h e  
r e g i o n  o f  i n t e r e s t  is  a u t o m a t i c a l l y  d i s p l a y e d  when the s l o p e  s p e c i f  i c a -  
t i o n  o p t i o n  is  e x e r c i s e d  by t h e  u s e r .  I t  is w i t h i n  t h i s  s e t t i n g  t h a t  
t h e  r o t a t i n g  s l o p e - l i n e  feature  is act ivated.  

The use r  may a l s o  va ry  t h e  i n t e r m e d i a t e  p o i n t  of an arc. When t h i s  
o p t i o n  is e x e r c i s e d ,  t h e  c u r r e n t  l o c a t i o n  of the  i n t e r m e d i a t e  p o i n t  f o r  
each a rc  is d i s p l a y e d  ( u s i n g  a ' l A a  symbol). When the  i n t e r m e d i a t e  p o i n t  
of a g iven  arc is selected,  t h e  defining triangle f o r  t h a t  a rc  i s  drawn 
( F i g u r e  6 . 1 ) .  T h i s  is a t r i a n g l e  which passes through the  two c o n t r o l  
p o i n t s  and t h e  s l o p e  p o i n t  of the given a r c .  A f o u r t h  l i n e  g o e s  from 
t h e  v e r t e x  a t  t h e  s l o p e  p o i n t  t h r o u g h  t h e  i n t e r m e d i a t e  p o i n t  t o  t h e  
o p p o s i t e  s ide  of the t r i a n g l e .  T h i s  framework s e r v e s  t o  gu ide  t h e  u s e r  
i n  va ry ing  t h e  Y R A T I O  parameter  ( F i g u r e  6 .2 ) .  

One f i n a l  g r a p h i c s  dev ice  encountered d u r i n g  t h e  c r o s s  s e c t i o n / @ -  
c u t  f i t t i n g  p r o c e s s  is seen  when the  s p e c i f i c a t i o n s  review o p t i o n  of t h e  
Cross  S e c t i o n I P h i  Cut Menu is e x e r c i s e d .  Then, a l o n g  w i t h  the  t a b u l a t e d  
i n f o r m a t i o n  a b o u t  t he  f i t ,  t h e  a d j a c e n t  i l l u s t r a t i o n  o f  t h e  c u t  is 
d iv ided  i n t o  i ts  f i t t i n g  r e g i o n s .  
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After  t h e  c r o s s  s e c t i o n s  a r e  s u c c e s s f u l l y  f i t ,  t h e  nose r e g i o n  is 
c o n s t r a i n e d .  And t h e n  t h e  r e m a i n i n g  c r o s s  s e c t i o n s  a r e  b l e n d e d  
l o n g i t u d i n a l l y .  Both o f  these s t e p s  ( f i t t i n g  t h e  nose r e g i o n  and t h e  
remainder of the  f u s e l a g e )  g e n e r a t e  t h r e e  d i m e n s i o n a l  s u r f  a c e s  which 
c a n n o t  b e  h a n d l e d  by t h e  r o u t i n e s  m e n t i o n e d  t h u s  f a r .  Viewing them 
r e q u i r e s  a s p e c i a l  s e t  of  p o s t - f i t t i n g  g r a p h i c s  r o u t i n e s  which  a r e  
accessed  through t h e  Viewer Menu. I ts  o p t i o n s  a r e  desc r ibed  below. 

1 )  Orthograph ic  V i e w  
Allows t h e  use r  t o  s e l e c t  an o r t h o g r a p h i c  v iew of t h e  f u s e l a g e  
which is t o  b e  d i s p l a y e d .  When t h i s  o p t i o n  i s  c h o s e n ,  t h e  
user mus t  i n p u t  va lues  f o r  t h e  yaw, r o l l ,  and p i t c h  a n g l e s  ( Y ,  
0 ,  and 0 ,  r e s p e c t i v e l y )  of t h e  d e s i r e d  view. 

Allows the  use r  t o  i n s t r u c t  t h e  program t o  d i s p l a y  t h e  t o p  
v iew of  the  f u s e l a g e  ( Y  = ~ / 2 ,  Q = ~ / 2 ,  and 0 = 0 r a d i a n s ) .  

Al lows  t h e  user t o  i n s t r u c t  t h e  program t o  d i s p l a y  t h e  s ide 
v i e w  of  the  f u s e l a g e  ( Y  = ~ / 2 ,  @ = 0 ,  and 0 = 0 r a d i a n s ) .  

Allows t h e  user t o  i n s t r u c t  the program t o  d i s p l a y  t h e  f r o n t  
v i e w  of t h e  f u s e l a g e  ( Y  = T ,  Q = 0 ,  and 0 = 0 r a d i a n s ) .  

Al lows  t h e  user t o  v i e w  a p a r t i c u l a r  c r o s s  s e c t i o n  of t h e  
f u s e l a g e .  When t h i s  o p t i o n  is exercised, t h e  user is prompted 
f o r  t h e  a x i a l  l o c a t i o n  of t h e  desired c r o s s  s e c t i o n .  The code 
takes t h i s  inpu t  v a l u e  and compares  i t  w i t h  t h e  a x i a l  l o c a -  
t i o n s  o f  t h e  d a t a  p l anes  of t h e  p l o t t i n g  array. [Reca l l  t ha t  
these s t a t i o n s  cor respond t o  the c r o s s  s e c t i o n s  of i n p u t  da t a  
p o i n t s  which were c u r v e - f i t  ( see  S e c t i o n  21.1 The f i t t e d  
c r o s s  s e c t i o n  whose ax ia l  l o c a t i o n  i s  n e a r e s t  t h e  r e q u e s t e d  
v a l u e  i s  t h e  one  a c t u a l l y  d i sp l ayed  on t h e  s c r e e n .  F i r s t  t o  
be  drawn on t h e  s c r e e n  is t h e  c r o s s  s e c t i o n  as  g e n e r a t e d  f rom 
t h e  l o n g i t u d i n a l  b l e n d i n g  of  t h e  c r o s s  s e c t i o n  f i t s  ( s e e  
S e c t i o n  4 ) .  Then  t h e  original cross s e c t i o n  f i t t i n g  ( see  
S e c t i o n  2 )  i s  super imposed  on t h i s  f i g u r e  ( F i g u r e  6 .3 ) .  The 
l o c a t i o n s  of t h e  i n p u t  d a t a  p o i n t s  and  t h e  c o n t r o l  p o i n t s  
s p e c i f i e d  i n  t h e  c r o s s - s e c t i o n a l  curve-f i t t i n g  are a l s o  d i s -  
p layed  (marked by t h e  same symbols t h a t  were u s e d  d u r i n g  t h e  
m o d i f i c a t i o n  p r o c e s s ) .  Us ing  t h i s  d i s p l a y ,  t h e  u s e r  may 
eas i ly  l o c a t e  t h o s e  r e g i o n s  where the  l o n g i t u d i n a l  b l e n d  may 
n o t  b e  i n  s a t i s f a c t o r y  a g r e e m e n t  w i t h  t h e  o r i g i n a l  c r o s s  
s e c t  i on  f i t t i n g s  . 

2 )  Top V i e w  

3)  S i d e  V i e w  

4 )  F r o n t  V i e w  

5)  P a r t i c u l a r  Cross S e c t i o n  

No te :  When t h e  Viewing Menu is  encountered  a f te r  
t h e  nose r e g i o n  is f i t ,  t h e  a x i a l  l o c a t i o n  i n p u t  b y  
t h e  user is compared  w i t h  t h e  " a r t i f i c i a l "  c r o s s  
s e c t i o n s  w h i c h  were l o a d e d  i n  t h e  p l o t t i n g  a r r ay  
( s e e  S e c t i o n  4 ) .  The p o i n t s  i n  t h e  p lane  n e a r e s t  
t h i s  r eques t ed  l o c a t i o n  are t h e  ones  p l o t t e d  on t h e  
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s c r e e n .  S i n c e  t hese  p o i n t s  a r e  n o t ,  i n  g e n e r a l ,  
l o c a t e d  i n  the  p l ane  of an a c t u a l  c r o s s  s e c t i o n  o f  
data p o i n t s ,  no superimposing o f  the  o r i g i n a l  f i t  is 
performed. 

6 )  P a r t i c u l a r  Meridional  or Spanwise Pair 
Allows t h e  use r  t o  view a p a r t i c u l a r  p a i r  of m e r i d i o n a l  h a l f -  
p l a n e s  a s  g e n e r a t e d  b y  t h e  l o n g i t u d i n a l  b l e n d i n g  o f  t h e  
fuse lage  c r o s s  s e c t i o n s .  The u s e r  i s  prompted  f o r  t h e  @ -  
l o c a t i o n  o f  t h e  des i red  mer id iona l  p a i r .  The program compares 
t h i s  v a l u e  w i t h  t h o s e  of the  mer id iona l  p a i r s  which h a v e  b e e n  
f i t .  The p a i r  whose l o c a t i o n  is n e a r e s t  t h e  one r eques t ed  is 
d i s p l a y e d  ( F i g u r e  6 . 4 ) .  

Note: A l t h o u g h  t h e  u p p e r  a n d  lower s u r f a c e s  of a 
g i v e n  m e r i d i o n a l  c u t  a r e  g e n e r a t e d  b y  s e p a r a t e  
l o n g i t u d i n a l  f i t s  (whose  g e n e r a t e d  p o i n t s  a r e  i n  
d i f f e r e n t  a r eas  o f  t h e  p l o t t i n g  a r r a y ) ,  t h e y  a r e  
d i s p l a y e d  as  one  p a i r  here .  A s  a r e s u l t ,  f o r  ex- 
ample, a r e q u e s t  t o  v iew t h e  @ = 90 deg ree  p l a n e  
w i l l  y i e l d  t h e  same d i s p l a y  as a subsequent  r e q u e s t  
t o  view t h e  @ = -90 degree p l ane  s i n c e  i n  both cases 
t h e  d e s i r e d  m e r i d i o n a l  p a i r  is formed by t h e  upper 
and lower surfaces of the  symmetry p l ane .  

7 )  Refit  t he  Body 
Allows t h e  use r  t o  go back and r e f i t  t h e  body i f ,  a f t e r  view- 
i n g  t h e  s u r f a c e  f i t ,  i t  is seen  t h a t  changes are necessa ry .  

Note: The p o s s i b l e  approaches t o  r e f i t t i n g  the  body 
r e q u i r e  v a r y i n g  d e g r e e s  of a d d i t i o n a l  i n p u t  by t he  
u s e r .  F o r  e x a m p l e ,  s i m p l y  m o d i f y i n g  t h e  l o n -  
g i t u d i n a l  b l e n d s  a t  c e r t a i n  mer id iona l  c u t s  r e q u i r e s  
the  l e a s t  a d d i t i o n a l  i n p u t .  R e d e f i n i n g  t h e  con-  
s t r a i n t s  f o r  t h e  n o s e  r e g i o n  f i t ,  however ,  w i l l  
r e q u i r e  t h a t  each o f  t h e  l o n g i t u d i n a l  b l e n d s  b e  
r e c a l c u l a t e d  s i n c e  such a r e d e f i n i t i o n  may a l te r  t h e  
l o c a t i o n  of t h e  f irst  c o n t r o l  p o i n t ,  o r  t h e  v a l u e  of 
t h e  s l o p e  a t  t h a t  p o i n t ,  o r  b o t h ,  and t h u s  affect  
t h e  r e s u l t i n g  arc equa t ions .  F i n a l l y ,  i f  modif  i c a -  
t i o n s  a r e  made i n  t h e  c r o s s  s e c t i o n  f i ts ,  then  the  
nose r e g i o n  f i t  w i l l  have t o  be r e s p e c i f i e d  i f  there  
a r e  a n y  m o d i f i c a t i o n s  t o  i t s  two d e f i n i n g  c r o s s  
s e c t i o n s .  Here a l s o ,  t h e  l o n g i t u d i n a l  b l e n d s  w i l l  
h a v e  t o  b e  r e c a l c u l a t e d  t o  r e f l e c t  any changes i n  
t h e  s u r f a c e  f i t  d u e  t o  t h e s e  c r o s s  s e c t i o n  
m o d i f i c a t i o n s .  



8) Advance t o  the Next Level 
Allows t h e  use r  t o  i n s t r u c t  t h e  program t o  advance t o  t h e  nex t  
l e v e l  of t h e  f i t t i n g  p r o c e s s  i f  t h e  s u r f a c e  f i t  c u r r e n t l y  
be ing  s c r u t i n i z e d  is indeed  s a t i s f a c t o r y .  

Note: The zoom o p t i o n  may be e x e r c i s e d  d u r i n g  t h e  e x e c u t i o n  
of o p t i o n s  ( 1 )  through ( 6 )  i n  o r d e r  t o  a l low c a r e f u l  examina- 
t i o n  of key areas ( F i g u r e s  6.5a and 6.5b).  

A hidden l i n e  removal p r o c e s s  is employed d u r i n g  t h e  g e n e r a t i o n  o f  
t h e  p l o t s  i n  o p t i o n s  (1)  through ( 4 ) .  I n  a d d i t i o n ,  a l t h o u g h  o n l y  t h e  
X > 0 semi-space is con ta ined  i n  the p l o t t i n g  a r r a y ,  i ts mirror image is 
a l s o  p l o t t e d  (where v i s i b l e ) .  The c o m b i n a t i o n  of t h e s e  two f e a t u r e s  
g i v e s  t h e  u s e r  a r e a l i s t i c  view of the  body wi thou t  t h e  c l u t t e r  caused 
by d r a w i n g  t h o s e  l i n e s  which would n o t  be v i s i b l e  i f  t h e  image was 
a c t u a l l y  a s o l i d  o b j e c t .  

The hidden l i n e  removal f e a t u r e  m e n t i o n e d  a b o v e  i s  b a s e d  o n  t h e  
outward normal method. The mesh formed by t h e  c r o s s  s e c t i o n  f i t s  and 
t h e  l o n g i t u d i n a l  b l end ing  f i ts  d i v i d e s  the  f u s e l a g e  s u r f a c e  i n t o  a s e t  
of f o u r - s i d e d  pane l s .  The procedure is as f o l l o w s .  The X-, Y- ,  and Z- 
components of t h e  d i a g o n a l s  of a given panel  are c a l c u l a t e d  based on t h e  
c o o r d i n a t e s  of i t s  c o r n e r  p o i n t s .  Then t h e  c r o s s  p roduc t s  of these 
d iagona l  components are found. These cross p roduc t s  are  t h e  components  
of t h e  n o r m a l  t o  t h a t  p a n e l .  Now the  normal is o r i e n t e d  acco rd ing  t o  
t h e  c u r r e n t  v a l u e s  f o r  Y ,  @, and 0 .  If any component of t h i s  r e s u l t a n t  
v e c t o r  i s  p o i n t i n g  toward t h e  s c r e e n ,  t h e n  the  pane l  is v i s i b l e  and its 
boundar i e s  are drawn. Otherwise,  t h e  p a n e l  is n o t  d i s p l a y e d .  T h i s  
p r o c e s s  i s  r e p e a t e d  f o r  each pane l  de f ined  by a d j a c e n t  e n t r i e s  i n  t h e  
p l o t t i n g  a r r a y ,  a l o n g  w i t h  each mirror image ,  t o  y i e l d  t h e  f i n a l  
product .  

Note: Because t h i s  t echn ique  checks each pane l  i ndependen t ly ,  
i t  i s  n o t  a u n i v e r s a l  hidden l i n e  removal package. That i s ,  
there is no check f o r  t h e  p o s s i b i l i t y  of one v i s i b l e  pane l  ( a s  
determined by t h e  outward normal method) a c t u a l l y  be ing  behind 
a n o t h e r  v i s i b l e  panel  ( F i g u r e  6 . 6 ) .  I n  s u c h  a case ,  a l l  o r  
p a r t  o f  t h e  f i r s t  p a n e l  s h o u l d  be  h i d d e n .  T h i s  d e f i c i e n c y  
becomes more appa ren t  w i t h  t h e  d i s p l a y i n g  of wing-body com- 
b i n a t i o n s  (see S e c t i o n  10). 
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S e c t i o n  7: Wing S e c t i o n  F i t t i n g  

The t echn ique  u t i l i z e d  i n  c u r v e - f i t t i n g  t h e  f u s e l a g e  c r o s s  s e c t i o n s  
is again employed here. I t  was decided t h a t  t h i s  approach could be  most 
r e a d i l y  a p p l i e d  t o  t h e  wing by d e f i n i n g  a new c o o r d i n a t e  system i n  which 
the c o o r d i n a t e  c o r r e s p o n d i n g  t o  t h e  a x i a l  d i r e c t i o n  of  t h e  f u s e l a g e  
would now correspond t o  t h e  spanwise d i r e c t i o n  of t he  wing ( F i g u r e  7 .1 ) .  
F u r t h e r ,  t h e  wing c r o s s  s e c t i o n s  ( a l i g n e d  pe rpend icu la r  t o  t h e  s p a n w i s e  
d i r e c t i o n )  assume t h e  r o l e  p r e v i o u s l y  p l a y e d  by t h e  f u s e l a g e  c r o s s  
s e c t i o n s .  I n  t h i s  c o o r d i n a t e  system, t h e  Z = O  p lane  is coplanar  w i t h  t h e  
s y m m e t r y  p l a n e  o f  t h e  f u s e l a g e .  Now t h e  equa t ions  of S e c t i o n  2 may be 
employed wi thout  change. 

N o t e :  U s i n g  t h e  c o o r d i n a t e  sys tem d e s c r i b e d  above, i n  con- 
j u n c t i o n  w i t h  t he  g r a p h i c s  package ( s e e  S e c t i o n  6 1 ,  y i e l d s  a 
p l o t  d u r i n g  t h e  m o d i f i c a t i o n  s e s s i o n  which d e p i c t s  the  wing 
s e c t i o n  t o  b e  s t a n d i n g  on i ts  end. That is, the l e a d i n g  e d g e  
o f  t h e  wing s e c t i o n  w i l l  b e  a t  t h e  top  of t h e  d i s p l a y  and its 
t r a i l i n g  edge w i l l  be a t  t h e  bottom. 

Us ing  t h e  f u s e l a g e  c r o s s  s e c t i o n  f i t t i n g  e q u a t i o n s ,  " a r t i f i c i a l "  
data p o i n t s  f o r  wing s e c t i o n s  ( p l a n e s  p a r a l l e l  t o  t h e  X-Y p l a n e )  were 
g e n e r a t e d  a t  m u l t i p l e  s p a n w i s e  l o c a t i o n s .  However, a f te r  several  a t -  
t empt s  a t  f i t t i n g  these a r t i f i c i a l  wing s e c t i o n s ,  i t  was s e e n  t h a t  t h e  
c u r v e - f i t s  f o r  t h e  f u s e l a g e  c r o s s  s e c t i o n s  do not  handle  t h e  wing por- 
t i o n  well enough t o  g e n e r a t e  s u i t a b l e  p l anes  of d a t a  f o r  t h e  wing f i t .  
A s  a r e s u l t ,  s e t s  of d a t a  p o i n t s  l o c a t e d  a t  s e v e r a l  d i s c r e t e  spanwise 
l o c a t i o n s  ( ana logous  t o  the  data p o i n t  sets a t  d i s c r e t e  a x i a l  l o c a t i o n s  
u s e d  f o r  s u r f a c e - f  i t t i n g  the f u s e l a g e )  were deemed necessary  t o  ach ieve  
a good wing s u r f a c e - f i t .  

I n  a p r o c e s s  s i m i l a r  t o  t h e  l o n g i t u d i n a l  b lending  of the f u s e l a g e  
c r o s s  s e c t i o n s ,  the  upper and lower s u r f a c e  of each  wing c r o s s  s e c t i o n  
is  f i t t e d  s e p a r a t e l y .  The raw d a t a  s p e c i f i c a t i o n  p rocess  p l a c e s  t he  
f i r s t  c o n t r o l  p o i n t  a t  t h e  wing l e a d i n g  edge w i t h  a s l o p e  of ; ) Y / I ) X  = 0 ,  
and a second c o n t r o l  p o i n t  a t  t he  t r a i l i n g  edge w i t h  a s l o p e  whose va lue  
matches tha t  of a q u a d r a t i c  pass ing  t h r o u g h  t h e  t r a i l i n g  e d g e  a n d  t h e  
two p o i n t s  n e a r e s t  i t .  

When t h e  upper wing s u r f a c e  a t  a g i v e n  s p a n w i s e  l o c a t i o n  i s  s u c -  
c e s s f u l l y  f i t ,  t h e  u s e r  a d v a n c e s  t o  t h e  f i t t i n g  of i ts  lower surface. 
After the  lower s u r f a c e  is f i t ,  t h e  e n t i r e  wing f i t  f o r  t h i s  s p a n w i s e  
l o c a t i o n  ( t h e  u p p e r  a n d  l o w e r  f i t s ,  a s  c o n s t r a i n e d  by t h e  u s e r ' s  
s p e c i f i c a t i o n s ,  o r i e n t e d  c o r r e c t l y  with r e s p e c t  t o  e a c h  o t h e r  ) i s  d is- 
p l a y e d  ( F i g u r e s  7 . 2 a ,  7 . 2 b ,  and  7 . 2 ~ ) .  Then t h e  use r  is g iven  these 
o p t i o n s  through t h e  Wing S e c t i o n  Menu: 
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1 )  Advance t o  the Next Wing S e c t i o n  
Allows t h e  u s e r  t o  accep t  t h e  f i t  f o r  t h i s  wing s e c t i o n  and  
advance t o  t h e  next  spanwise s t a t i o n .  

Al lows  t h e  use r  t o  t e rmina te  t h e  c u r r e n t  f i t t i n g  s e s s i o n .  If 
the  c u r r e n t  f i t  f o r  t h i s  o r  any of  t h e  o t h e r  wing s e c t i o n s  i s  
u n s a t i s f a c t o r y ,  then  t h e  s p e c i f i c a t i o n s  may be modif ied i n  t he  
next  s e s s i o n .  

2) Terminate  Sess ion  

When t h e  f i t t i n g  s e s s i o n  f o r  t he  wing s e c t i o n s  has been completed,  
the  next  phase i n  t h e  wing surface f i t t i n g  process  i s  t o  f i t  t h e  p l a n -  
form of t h e  wing. T h i s  is t h e  t o p i c  of t he  next  s e c t i o n .  

33 



Section 8: Fitt ing the Wing Planform 

I n  o r d e r  t o  d e f i n e  t h e  l e a d i n g  edge and t r a i l i n g  edge of the wing 
a t  any spanwise l o c a t i o n ,  t h e  planform o f  t h e  wing  must  b e  c u r v e - f i t .  
U s i n g  t h e  c o o r d i n a t e  s y s t e m  shown i n  F i g u r e  8 .1 ,  t h e  e q u a t i o n s  of 
S e c t i o n  2 are  a g a i n  a p p l i c a b l e  wi thou t  a l t e r a t i o n .  The " d a t a  p o i n t s "  
u s e d  i n  t h i s  f i t t i n g  a re  t h e  l e a d i n g  and t r a i l i n g  edge chordwise l o c a -  
t i o n s  ( Y - c o o r d i n a t e s )  f o r  each wing c r o s s  s e c t i o n  a l o n g  w i t h  t h e i r  
co r re spond ing  spanwise p o s i t i o n s  (X-coordinates) .  

The raw data s p e c i f i c a t i o n s  p l a c e  a c o n t r o l .  p o i n t  a t  t h e  l e a d i n g  
edge o f  t h e  roo t  chord w i t h  a s l o p e  d e f i n e d  by a q u a d r a t i c  p a s s i n g  
through it  and t h e  two l e a d i n g  edge p o i n t s  n e a r e s t  i t .  S i m i l a r l y ,  t h e  
s e c o n d  c o n t r o l  p o i n t  i s  p l a c e d  a t  t h e  t r a i l i n g  edge' o f  t h e  r o o t  chord 
w i t h  a s l o p e  d e f i n e d  by a q u a d r a t i c  p a s s i n g  t h r o u g h  i t  and  t h e  two 
t r a i l i n g  edge p o i n t s  n e a r e s t  i t .  T h e  m o d i f i c a t i o n  p r o c e s s  i s  then  
executed i n  t h e  usua l  f a s h i o n .  

During e x e c u t i o n  of the program, i n  s e s s i o n s  fo l lowing  the  success -  
f u l  f i t t i n g  o f  t h e  w i n g  p l a n f o r m  ( a n d  t h e  s a v i n g  o f  t h e s e  
s p e c i f i c a t i o n s ) ,  t h e  use r  w i l l  encounter  t h e  Planform Review Menu whose 
options are outlined below. 

1) Review Planform Fit t ing  
Allows t h e  u s e r  t o  review t h e  planform f i t t i n g  as s p e c i f i e d  i n  
p r e v i o u s  s e s s i o n s .  As u s u a l ,  t h e  use r  may modify t h i s  f i t ,  
review its s p e c i f i c a t i o n s ,  o r  e x i t  t h i s  l e v e l  w i t h o u t  making  
any changes.  

Allows the use r  t o  advance t o  t he  nex t  l e v e l  without  reviewing 
the  p rev ious  f i t t i n g  of the wing planform. 

2) Advance to the Next Level Without Reviewing 

After s u c c e s s f u l l y  d e v e l o p i n g  a s a t i s f a c t o r y  f i t  f o r  t h e  wing  
planform, t h e  nex t  s t e p  is t o  blend t h e  wing s e c t i o n  f i t s  i n  t h e  s p a n -  
wise d i r e c t i o n .  T h i s  p rocess  is t h e  s u b j e c t  of t he  nex t  s e c t i o n .  
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S e c t i o n  9: Spanwise Blending of the Wing S e c t i o n s  

The p r o c e s s  of b lending  t h e  wing c r o s s - s e c t i o n a l  c u r v e - f i t s  i n  t h e  
spanwise d i r e c t i o n  completes t h e  d e f i n i t i o n  of t h e  wing s u r f a c e .  The 
c o n c e p t  of t h i s  p r o c e d u r e  i s  s imi l a r  t o  t h e  one employed i n  t he  lon-  
g i t u d i n a l  b l e n d i n g  of  t h e  f u s e l a g e  c r o s s  s e c t i o n s .  Here, however , 
cons tan t  pe rcen t  chord c u t s  were found t o  be better t h a n  mer id iona l  c u t s  
f o r  t h e  spanwise b lending  process .  

I n  o r d e r  t o  c l u s t e r  p o i n t s  near  t he  l e a d i n g  and t r a i l i n g  edges ,  t h e  
f o l l o w i n g  t r a n s f o r m a t i o n  from a i r f o i l  theory  i s  used  

1 + C O S P  - =  Y - 
i! . 2  (9 .1)  

where 

and 

the  
t h e  
t h e  
and 

The 

Q i s  t h e  chordwise d i s t a n c e  from the  wing l e a d i n g  edge, 
is  t h e  chord of the wing a t  t h i s  spanwise l o c a t i o n ,  

0 < 4 < TI f o r  t h e  upper surface, 

r < R < 2r f o r  t he  lower s u r f a c e .  
Applying equa t ion  (9.1)  a t  t he  l e a d i n g  edge ( g / Z  = 01, R = IT. A t  

t r a i l i n g  edge (g/i! = l ) ,  Q = 0 f o r  the upper s u r f a c e ,  and Q = 2- f o r  
lower surface. By us ing  expres s ion  (9 .1 )  t o  d e f i n e  t h e  l o c a t i o n s  of 
b l e n d i n g  c u t s ,  t h e s e  s p a n w i s e  cuts are clustered near  t h e  l e a d i n g  
t r a i l i n g  edges of the  wing. 
U n l i k e  t h e  fuselage,  no p lane  of symmetry is assumed f o r  t h e  wing. 

spanwise b lending  process  of the wing cross s e c t i o n s  b e g i n s  a t  t h e  

- -  

t r a i l i n g  e d g e  (0 = 0) and p rogres ses  toward t h e  l e a d i n g  edge a long  t h e  
upper surface ( a t  A Q  = c o n s t a n t  i n t e r v a l s ) .  Once t h e  l e a d i n g  e d g e  i s  
r e a c h e d ,  t h e  s p a n w i s e  b lending  process  cont inues  f o r  t h e  lower s u r f a c e  
moving from the l e a d i n g  edge back t o  t h e  t r a i l i n g  edge u s i n g  t h e  same 
v a l u e  f o r  AP t h a t  was used f o r  t h e  upper surface. As a r e s u l t  bo th  the 
upper and lower surfaces of t h e  wing a t  a g i v e n  g / E - l o c a t i o n  w i l l  b e  
fit. 

During the  mod i f i ca t ion  p r o c e s s ,  each s p a n w i s e  c u t  w i l l  be  d i s -  
p l a y e d  o n  t h e  s c r e e n  w i t h  i ts  wing t i p  a t  the t o p  of the f i g u r e  and its 
r o o t  a t  t h e  bottom i n  o r d e r  t o  u t i l i z e  t h e  e x i s t i n g  p l o t t i n g  r o u t i n e s  
( F i g u r e  9 . 1 ) .  The "da ta  p o i n t s v v  f o r  each spanwise c u t  are de f ined  by 
the wing s e c t i o n  f i t s  ( these g ive  t h e  X-coordinates  of t h e  data p o i n t s )  
and t he i r  r e s p e c t i v e  spanwise l o c a t i o n s  (Y-coord ina te) .  

The raw data s p e c i f i c a t i o n s  a r e  a n a l o g o u s  t o  t h o s e  f o r  t h e  wing  
p l a n f o r m  ( see  S e c t i o n  8 )  , s o  t h e y  are not  repeated here. And as w i t h  
t he  f u s e l a g e  b l end ing  p rocess ,  t h e  upper and lower surfaces of t h e  wing 
a r e  f i t  s e p a r a t e l y .  Also as wi th  t h e  f u s e l a g e  b lending  procedure ,  t h e  
c u r r e n t  Q/E-cut i s  i n i t i a l i z e d  t o  the s p e c i f i c a t i o n s  of the f i t  f o r  t h e  
spanwise c u t  immediately preceding  i t  (see S e c t i o n  5 ) .  

When a l l  of the spanwise c u t s  have .been s a t i s f a c t o r i l y  c u r v e - f  i t ,  
t h e  program a p p l i e s  t h e  e q u a t i o n s  a t  d i s c r e t e  p o i n t s  a long  the  wing 
span.  The va lues  a t  t h e s e  l o c a t i o n s  a r e  s t o r e d  i n  a p l o t t i n g  a r r a y .  
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Now the accuracy of the f i t t i n g  equa t ions  may be s c r u t i n i z e d  by t he  use r  
through t h e  s e t  of g r a p h i c s  f e a t u r e s  a n a l o g o u s  t o  t h o s e  d e s c r i b e d  i n  
S e c t i o n  6 ( F i g u r e  9 . 2 ) .  Those few d i f f e r e n c e s  between s c r u t i n i z i n g  the  
f u s e l a g e  f i t  and ana lyz ing  t h e  wing f i t  are de ta i led  i n  S e c t i o n  10. 
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S e c t i o n  10: Viewing the  Wing S u r f a c e  F i t  

The use r  may examine t h e  wing s u r f a c e  f i t  g r a p h i c a l l y  u s i n g  t h e  
same o p t i o n s  o f  t h e  Viewing Menu t h a t  were accessed f o r  viewing t h e  
f u s e l a g e  ( s ee  S e c t i o n  6 ) .  I n  o r d e r  t o  accommodate t h e  d i f f e r e n c e s  
b e t w e e n  t h e  f u s e l a g e  and wing c o o r d i n a t e  systems (see S e c t i o n s  2 and 7 ,  
r e s p e c t i v e l y ) ,  a second set  o f  h i d d e n  l i n e  r o u t i n e s  a r e  u s e d .  These  
r o u t i n e s  a r e  i d e n t i c a l  t o  t h e i r  f u s e l a g e  p l o t t i n g  c o u n t e r p a r t s  excep t  
f o r  the i r  X-Y-Z o r i e n t a t i o n .  A s  a r e s u l t ,  o p t i o n s  ( 1  t h r o u g h  ( 4 )  o f  
t h e  Viewing  Menu y i e l d  t h e  same v i e w s  f o r  b o t h  t h e  f u s e l a g e  and t h e  
wing. Simply p u t ,  t h e  f r o n t  view of t h e  f u s e l a g e  could be s u p e r i m p o s e d  
on t h e  f r o n t  view of t h e  wing t o  o b t a i n  t h e  f r o n t  view of t he  wing-body 
combination. 

If  o p t i o n  ( 5 )  o f  t h e  Viewing  Menu is a c t i v a t e d ,  t h e  u s e r  i s  
prompted f o r  t h e  spanwise l o c a t i o n  of t h e  desired wing s e c t i o n .  Then as 
w i t h  t h e  f u s e l a g e  v i e w i n g ,  t h e  program compares t h i s  v a l u e  w i t h  t h o s e  
l o c a t i o n s  i n  t h e  p l o t t i n g  a r r a y .  The wing s e c t i o n  i n  t h i s  a r r a y  which  
i s  c l o s e s t  t o  t h e  d e s i r e d  l o c a t i o n  is t h e  one which is d i sp layed  on the  
s c r e e n  ( F i g u r e  IO. 1 1. 

Note:  When t h e  f u s e l a g e  f i t  i s  l o a d e d  i n t o  t h e  p l o t t i n g  
a r r a y ,  its ax ia l  l o c a t i o n s  c o r r e s p o n d  t o  t h o s e  o f  t h e  i n p u t  
d a t a  p l a n e s .  However ,  s i n c e  i n  g e n e r a l  t h e  wing may b e  
d e f i n e d  w i t h  fewer data p l a n e s ,  i t s  p l o t t i n g  a r r ay  c o n t a i n s  
s p a n w i s e  s t a t i o n s  a t  l o c a t i o n s  between t h e  i n p u t  data p l a n e s .  
As a r e s u l t ,  t h e  wing s e c t i o n  which is d i s p l a y e d  i s ,  i n  
g e n e r a l ,  no t  i n  t h e  same plane as a set  of data p o i n t s .  Thus, 
p l o t t i n g  t h e  o r i g i n a l  wing s e c t i o n  f i t  and its da ta  p o i n t s  i s  
n o t  a p p l i c a b l e  here .  Recal l  t h a t  an  a n a l o g o u s  s i t u a t i o n  
e x i s t s  f o r  viewing t h e  nose r e g i o n  f i t .  

E x e r c i s i n g  o p t i o n  ( 6 )  f o r  t he  wing f i t  r e q u i r e s  t he  s p e c i f i c a t i o n  
of the d e s i r e d  g /b - loca t ion  rather t h a n  t h e  4 - l o c a t i o n  ( u s e d  w i t h  t h e  
f u s e l a g e ) .  T h i s  i n p u t  v a l u e  i s  compared w i t h  t h e  c u t s  t h a t  were f i t  
d u r i n g  t h e  spanwise  b l e n d i n g  p r o c e s s .  T h a t  c u t  which  is n e a r e s t  t h e  
r e q u e s t e d  v a l u e  i s  t h e  Y / E - c u t  which i s  d i s p l a y e d .  A s  w i t h  t h e  
m e r i d i o n a l  c u t s  of t h e  f u s e l a g e ,  both t he  upper and lower s u r f a c e  s p a n -  
w i s e  b l e n d s  ( a  s p a n w i s e  p a i r )  a t  t h i s  l o c a t i o n  a r e  d i s p l a y e d  
s imul t aneous ly .  

When t h e  f i t  for  t h e  wing s u r f a c e  is found t o  b e  s a t i s f a c t o r y ,  the  
nex t  s t e p  is t o  v iew t h e  wing-body c o m b i n a t i o n .  To do s o ,  t h e  u s e r  
se lec ts  o p t i o n  ( 8 )  from t h e  c u r r e n t  Viewer Menu. Then a new Viewer Menu 
w i l l  be  d i s p l a y e d .  The d i f f e r e n c e s  between t h e  s e l e c t i o n s  of t h e  p r e -  
v i o u s  menu and t h i s  c u r r e n t  one a re  d i s c u s s e d  i n  S e c t i o n  1 1 .  
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S e c t i o n  11 : Viewing the  Uing-Body Combination 

The s e l e c t i o n  of o p t i o n  (8)  of the Viewing Menu d u r i n g  the  a n a l y s i s  
of the wing surface advances the user  t o  ano the r  Viewing Menu. A t  t h i s  
l e v e l ,  t h e  u s e r  may v iew t h e  wing-body combinat ion as one u n i t .  The 
s e l e c t i o n  of o p t i o n s  ( 1 )  through ( 4 )  y i e l d s  t h e  same v i e w s  as  b e f o r e .  
However,  s i n c e  o p t i o n s  ( 5 )  a n d  ( 6 )  h a v e  d i f f e r e n t  f u n c t i o n s  f o r  the 
f u s e l a g e  and t h e  wing, t h e  user  has an a d d i t i o n a l  c h o i c e  t o  make when 
one of these two o p t i o n s  i s  e x e r c i s e d .  

If the  use r  s e l e c t s  o p t i o n  ( 5 ) ;  t h e  Cross /Wing  S e c t i o n  Menu i s  
encountered.  Its three o p t i o n s  are as f o l l o w s .  

1 )  Fuselage Cross  S e c t i o n s  
A l l o w s  t h e  u s e r  t o  view i n d i v i d u a l  c r o s s  s e c t i o n s  of t h e  
f u s e l a g e .  See S e c t i o n  6 ( s p e c i f i c a l l y ,  t h e  comments on o p t i o n  
( 5 )  i n  t h a t  s e c t i o n )  f o r  a more thorough d e s c r i p t i o n  of t h i s  
o p t i o n .  

A l l o w s  t he  use r  t o  view i n d i v i d u a l  wing s e c t i o n s  ( s e e  S e c t i o n  
10 f o r  d e t a i l s ) .  

Allows the  use r  t b  r e t u r n  t o  t h e  Viewer Menu. 

2) Wing S e c t i o n s  

3) Re tu rn  t o  Viewer Menu 

After one of t h e  f i rs t  two o p t i o n s  is e x e r c i s e d ,  t h e  u s e r  may v iew as 
many s e c t i o n s  as d e s i r e d .  E x i t i n g  t h i s  mode r e t u r n s  t h e  use r  t o  t he  
C r o s s / W i n g  S e c t i o n  Menu where a n y  o f  t h e s e  t h r e e  o p t i o n s  may b e  
e x e r c i s e d .  

I n  s e l e c t i n g  o p t i o n  ( 6 1 ,  t h e  L o n g i t u d i n a l / S p a n w i s e  Menu i s  
encoun te red ,  and t h e  use r  is a g a i n  given three o p t i o n s .  

1)  Fuselage Mer id iona l  C u t s  
Allows t h e  u s e r  t o  view i n d i v i d u a l  m e r i d i o n a l  c u t s  of t he  
f u s e l a g e  (see S e c t i o n  6 f o r  a more thorough d e s c r i p t i o n ) .  

Allows t h e  use r  t o  v iew i n d i v i d u a l  wing s p a n w i s e  c u t s  ( s e e  
S e c t i o n  10 f o r  more de t a i l s ) .  

Allows the  use r  t o  r e t u r n  t o  t h e  Viewer Menu. 

2) Wing Spanwise C u t s  

3) Re tu rn  t o  Viewer Menu 

A s  i n  t he  p rev ious  case, once one of t he  f irst  two o p t i o n s  is e x e r c i s e d ,  
e x i t i n g  t h a t  cho ice  r e t u r n s  t he  use r  t o  t h e  Longi tudinal /Spanwise Menu. 

A t  t h i s  p o i n t ,  i f  t h e  user  f i n d s  t h e  wing-body surface e q u a t i o n s  t o  
be s a t i s f a c t o r y ,  t h e n  t h e  f i t t i n g  p rocess  is  complete.  The r e s u l t i n g  
f i t  may be used t o  g e n e r a t e  body c o o r d i n a t e s  and d e r i v a t i v e s  anywhere on  
t h e  wing-body v i a  a s e p a r a t e  s e t  of i n t e r p o l a t i o n  r o u t i n e s .  These 
r o u t i n e s  t a k e  a g i v e n  ( Z , @ )  v a l u e  and  i n t e r p o l a t e  t h e  l o n g i t u d i n a l  
b l e n d s  n e a r  t h a t  p o i n t  t o  e v a l u a t e  t h e  body r a d i u s  and p a r t i a l  de r iva -  
t i v e s  there. The use r  may implement t hese  r o u t i n e s  w i t h o u t  e x e c u t i n g  
the  e n t i r e  f i t t i n g  program. A s  a result ,  t h e y  may be used r e p e a t e d l y  t o  
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d e f i n e  body c o o r d i n a t e s  and d e r i v a t i v e s  t o  form t h e  boundary of  v a r i o u s  
f l o w  f i e l d  g r i d s  w i t h o u t  having t o  model t h e  geometry aga in  each t ime. 
O f  cou r se ,  t h i s  r e q u i r e s  t h a t  t h e  "model d e f i n i t i o n "  d a t a  f i l e s  ( s e e  
Sec t ion  1 3 )  be kept  i n t a c t .  

Note: C u r r e n t l y ,  t h i s  code  d o e s  n o t  c a l c u l a t e  t h e  a c t u a l  
i n t e r s e c t i o n  c u r v e  be tween  t h e  wing and body. Fu tu re  work 
w i t h  t h i s  code may invo lve  implementat ion of such a f e a t u r e .  

Note: Some minor changes i n  t h e  program l o g i c  and a r r a y  s i z e s  
a r e  r e q u i r e d  t o  accommodate a d d i t i o n a l  l i f t i n g  s u r f a c e s  
( v e r t i c a l  and/or  h o r i z o n t a l  t a i l ,  canard,  e t c . )  -- i f  t h e  user  
wishes t o  view t h e  e n t i r e  c o n f i g u r a t i o n  s i m u l t a n e o u s l y .  O f  
c o u r s e ,  t h e  u s e r  may f i t  e a c h  component i n  s e p a r a t e  r u n s  of 
t h e  code, wi thout  having t o  modify t h e  program's c u r r e n t  form. 

I 
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S e c t i o n  12: I n t e r p o l a t i o n  Procedure 

The model t h u s  f a r  c o n s i s t s  o f  a s e t  of e q u a t i o n s  which d e f i n e  a 
number of l o n g i t u d i n a l  ( f u s e l a g e )  and spanwise (wing) cu rves  a t  discrete 
$-  a n d  g / E - l o c a t i o n s ,  r e s p e c t i v e l y .  T h i s  p rov ides  a s k e l e t o n  of t h e  
model where t h e  c r o s s - s e c t i o n a l  c u r v e - f i t s  s e r v e  a s  t h e  b u l k h e a d s  o r  
r i b s ,  and  t h e  m e r i d i o n a l  c u r v e - f i t s  are t h e  s t r i n g e r s .  To apply t h i s  
model a t  l o c a t i o n s  between these d e f i n e d  cu rves ,  a se t  of i n t e r p o l a t i o n  
r o u t i n e s  was d e v e l o p e d .  F o r  i n p u t  v a l u e s  of t he  l o n g i t u d i n a l  ( Z )  and 
c i r c u m f e r e n t i a l  ( $ 1  c o o r d i n a t e s  of t he  f u s e l a g e ,  t h i s  i nvo lves  c a l c u l a t -  
i n g  t h e  s u r f a c e  r a d i u s  and  d e r i v a t i v e s  based on t h e  mer id iona l  curve- 
f i t s  i n  t h e  neighborhood of $. 

I n i t i a l l y ,  a neighborhood o f  f i v e  m e r i d i o n a l  c u t s  a t  t h e  p r e s c r i b e d  
v a l u e  o f  Z was c u r v e - f i t  i n  t h e  $ - d i r e c t i o n  w i t h  a g e n e r a l  c o n i c  
e q u a t i o n .  T h i s  c u r v e  p a s s e s  t h r o u g h  each o f  t h e s e  f i v e  p o i n t s .  
However, s i n c e  the mer id iona l  c u t s  were curve-f i t  independen t ly  o f  each 
o t h e r ,  a s m o o t h  v a r i a n c e  i n  t h e  $ - d i r e c t i o n  is not gua ran teed .  A s  a 
r e s u l t ,  t h i s  a p p r o a c h  g e n e r a l l y  y i e l d e d  a h y p e r b o l i c  e q u a t i o n  w i t h  
imaginary r o o t s  (which is u n d e s i r a b l e ) .  I n c r e a s i n g  t h i s  neighborhood t o  
s i x  c u t s  ( a n d  t h e r e b y  c u r v e - f i t t i n g  t h e  p o i n t s  i n  a l e a s t - s q u a r e s  s e n s e  
w i t h  t h e  g e n e r a l  c o n i c )  improved  t h i s  s i t u a t i o n ,  b u t  some h y p e r b o l i c  
r e s u l t s  s t i l l  pers i s ted .  To r e s o l v e  t h i s  problem, each neighborhood was 
c u r v e - f  i t  i n  a l e a s t - s q u a r e s  s e n s e  w i t h  an  X-parabola, Y-parabola, and 
l i n e  segment, i n  a d d i t i o n  t o  t h e  g e n e r a l  c o n i c .  T h e  e q u a t i o n  which 
adhered most closely t o  t h e  o r i g i n a l  mer id iona l  c u r v e - f i t s  i n  t h e  neigh- 
b o r h o o d  o f  I$ was t h e n  u s e d  t o  e v a l u a t e  t h e  s u r f a c e  r a d i u s  a n d  
d e r i v a t i v e s  a t  t h a t  ( Z , $ )  l o c a t i o n .  A more thorough d e s c r i p t i o n  of t h i s  
procedure is g i v e n  below. 

F o r  l o c a t  i o n s  along the  f u s e l a g e ,  these  i n t e r p o l a t i o n  r o u t i n e s  are 
accessed by t h e  use r  through t h e  fo l lowing  c a l l  s t a t e m e n t :  

CALL VALUATE(Z , P H I  ,RBODY ,RZ,RPHI , R Z Z  ,RZPHI , R P H I P H I  , N D E R I V )  

The d e f i n i t i o n s  o f  each of these parameters are  as f o l l o w s :  

Z ,  PHI  t h e  ( Z , $ )  l o c a t i o n  f o r  t h e  des i red  e v a l u a t i o n ;  
R BODY t h e  ca lcu la ted  va lue  f o r  the  body r a d i u s ;  
R Z , R P H I , R Z Z ,  t h e  c a l c u l a t e d  v a l u e s  f o r  r r r r and r 
R Z P H I  , R P H I  PHI r e s p e c t i v e l y  ; $4 ’ Z ’  $ ’  z z ’  Z$’  

N D E R I V  an i n p u t  parameter s p e c i f y i n g  which d e r i v a t i v e s  a r e  
t o  be  eva lua ted :  
= 0: no p a r t i a l  d e r i v a t i v e s  are  c a l c u l a t e d ,  
= 1:  r and r are c a l c u l a t e d ,  or 

= 2 :  r r r r 
Z $ 

Z ’  4 ’  Z Z ’  Z$’  and r a re  c a l c u l a t e d .  
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I 

The p r o c e d u r e  implemented through t h i s  CALL s t a t e m e n t  f o r  an i n p u t  

v a l u e  of Z = Z ,  Q = Q is as f o l l o w s .  F i r s t ,  the i n p u t  v a l u e  f o r  Z i s  
compared w i t h  t h e  a x i a l  l o c a t i o n s  o f  t h e  o r i g i n a l  f u s e l a g e  c r o s s  sec- 
t i o n s  o f  d a t a .  If t h i s  a x i a l  l o c a t i o n  l i e s  w i t h i n  t h e  n o s e  r e g i o n  
( F i g u r e  1 2 . 1 1 ,  t h e n  the  body r a d i u s  and r eques t ed  d e r i v a t i v e s  are deter-  
mined acco rd ing  t o  t h e  nose r e g i o n  f i t  (see S e c t i o n  4 ) ,  and t h e i r  v a l u e s  
a r e  r e t u r n e d .  However ,  i f  t h i s  a x i a l  l o c a t i o n  is n o t  w i t h i n  t h e  nose 
r e g i o n ,  t h e n  the  a x i a l  l o c a t i o n  o f  t he  o r i g i n a l  f u s e l a g e  c r o s s  s e c t i o n  
o f  d a t a  p o i n t s  which is c l o s e s t  t o  ( b u t  less t h a n )  Z is d e f i n e d  t o  be 

'ref 

The v a l u e  o f  I$ is  compared w i t h  t h e  l o c a t i o n s  o f  t h e  m e r i d i o n a l  
c u t s  which were f i t  du r ing  t h e  modeling p r o c e s s .  The l o c a t i o n  o f  t h e  

m e r i d i o n a l  c u t  which  is c l o s e s t  t o  ( b u t  greater t h a n )  Q ( F i g u r e  12.2)  
and  t h e  v a l u e  o f  is ca l led  $ref ( t h e  index number o f  t h i s  c u t  is k 

t h e  body r a d i u s  a t  Z = Z a c c o r d i n g  t o  t h e  e q u a t i o n  f o r  t h i s  c u t  is 

r r e f ) .  
Now t h e  program b ranches  o f f  t o  one of two d i v i s i o n s .  If the  v a l u e  

f o r  I$ is w i t h i n  a r e g i o n  d e f i n e d  t o  b e  a l i n e  segment d u r i n g  t h e  curve-  
f i t t i n g  o f  t h e  f u s e l a g e  c r o s s  s e c t i o n  a t  Z = Zref  ( F i g u r e  12.31, t h e n  

t h e  p r o g r a m  a d v a n c e s  t o  C a t e g o r y  1 .  Otherwise ,  t h e  c o d e  moves  t o  
C a t e g o r y  2 .  The nex t  phase o f  t he  i n t e r p o l a t i o n  p r o c e s s  is carried o u t  
acco rd ing  t o  t h e  g u i d e l i n e s  o f  these two c a t e g o r i e s .  

* * * 

* 

* 

* 
* 

r e f '  * 
* 

* 

Category 1 :  

I f  4 l i e s  w i t h i n  a r e g i o n  d e f i n e d  t o  b e  a l i n e  segment  i n  t h e  
f i t t i n g  o f  t h e  f u s e l a g e  c ros s  s e c t i o n  a t  Z = Z r e f ,  t h e n  d u r i n g  the  

interpolation process, the neighborhood of + is also fit with a line 
s e g m e n t .  The  f i r s t  s t e p  here  is t o  load  t h e  angu la r  l o c a t i o n s  o f  t h e  

e n d '  b e g i n n i n g  a n d  e n d  p o i n t s  o f  t h i s  l i n e  s e g m e n t  ( Q  

r e s p e c t i v e l y )  as de f ined  i n  t h e  f i t t i n g  o f  t he  f u s e l a g e  c r o s s  s e c t i o n  a t  

* 

* 

a n d  $ 
b e g  

z = Z r e f .  
* 

N e x t ,  t h e  v a l u e s  f o r  t h e  body r a d i i  (I') a t  Z = Z u s i n g  t h e  
mer id iona l  c u t s  between Q Then 

b el3 
t h e s e  ( r , Q )  p a i r s  a r e  f i t  i n  a l e a s t - s q u a r e s  s e n s e  us ing  t h e  fo l lowing  
e q u a t i o n  f o r  a l i n e  segment: 

a n d  Q e n d  a r e  f o u n d  ( F i g u r e  1 2 . 4 ) .  

(A,cosQ + A,sinQ) r + A, = 0. (12.1)  

which is a s u b s e t  of t h e  g e n e r a l  con ic  e q u a t i o n  ( w i t h  A I  = A 2  = A 3  = 0 )  
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After  t h e  c o e f f i c i e n t s  h a v e  been e v a l u a t e d ,  t h i s  e q u a t i o n  is ap- 
* * * *  

p l i e d  a t  $I t o  c a l c u l a t e  r , t h e  v a l u e  of r a t  ( Z  ,@ ) .  

Category 2: 

If (I does no t  l i e  w i t h i n  a l i n e  segment r e g i o n  of the  f i t  f o r  t h e  
f u s e l a g e  c r o s s  s e c t i o n  a t  Z = Z t h e n  t h e  p o i n t s  i n  t h e  

rlneighborhoodrf o f  I$ are f i t  w i t h  three n o n - l i n e a r  e q u a t i o n s .  F i r s t ,  

t h e  v a l u e s  f o r  t h e  body r a d i i  ( r )  a t  Z = Z u s ing  mer id iona l  c u t s  w i t h  
+ 3" are  found (see F igure  1 2 . 2 ) .  These  i n d i c e s  I lkref-  2" through 

+ 3 )  are  then f i t  i n  a l e a s t - s q u a r e s  2 ,  kref s i x  ( r . , $ . )  p a i r s  ( i  = kre f -  

s ense  us ing  t h e  fo l lowing  equa t ions :  

* 

r e f '  * 
* 

Ilkref 

1 1  

2 2 2 

(Altos 0 + A2cos$ s i n @  + A,sin 4 )  r 

where 
(12 .2 )  is an e q u a t i o n  f o r  a g e n e r a l  c o n i c ,  
(12.3) is an  e q u a t i o n  f o r  an X-parabola ( A 2  = A, = 0 ) ,  

( 1 2 . 4 )  is an e q u a t i o n  f o r  a Y-parabola ( A ,  = A 2  = 0 ) .  

After the i r  c o e f f i c i e n t s  have been e v a l u a t e d ,  each o f  t hese  e q u a -  

t i o n s  is a p p l i e d  a t  $ r e f .  The r e s u l t i n g  v a l u e s  f o r  r a r e  compared w i t h  

r and t h a t  set of c o e f f i c i e n t s  which y i e l d s  t h e  c l o s e s t  a g r e e m e n t  

w i t h  rref is used t o  e v a l u a t e  r 

and 

* 
* 
ref * * * *  , the  v a l u e  of r a t  ( Z  ,$ ) .  

Note: For a g e n e r a l  c o n i c  e q u a t i o n ,  i f  
2 

A 2  - 4 A I A ,  < 0 (12 .5)  

then the  r e s u l t i n g  cu rve  is a hyperbola ,  which s h o u l d  n o t  b e  
u s e d .  T h i s  e x p r e s s i o n  c a n  o n l y  be  s a t i s f i e d  by e q u a t i o n  
(12 .21 ,  s i n c e  f o r  e q u a t i o n s  ( 1 2 . 3 )  and  ( 1 2 . 4 )  t h e  l e f t - h a n d  
s i d e  o f  t h i s  e x p r e s s i o n  is i d e n t i c a l l y  z e r o .  T h u s ,  when 
e q u a t i o n  ( 1 2 . 5 )  is s a t i s f i e d ,  t he  g e n e r a l  c o n i c  r e s u l t  is n o t  

42 



cQns ide red  when s e l e c t i n g  the  b e s t  equat ion  f o r  t h e  e v a l u a t i o n  
r .  

C a t e g o r i e s  1 and 2 a r e  only used t o  p rope r ly  de te rmine  t h e  c o e f f i -  

c i e n t s  A , ,  A 2 ,  A B ,  A,,  A , ,  a n d  A , ,  a n d  t h e n  c a l c u l a t e  r . T h e  
i n t e r p o l a t i o n  p rocess  f o r  t h e  body d e r i v a t i v e s  is treated w i t h  a s i n g l e  
approach and does not  r e q u i r e  a d i s t i n c t i o n  t o  b e  made b e t w e e n  l i n e a r  
and n o n - l i n e a r  r e g i o n s .  F i r s t ,  d i f f e r e n t i a t e  e q u a t i o n  ( 1 2 . 2 )  w i t h  
r e s p e c t  t o  4 t o  o b t a i n  

* 

where 

2 

~ ( 4 )  = A,Cos 4 + A2cos@ s i n $  + A,sin2$ 

( 1 2 . 6 )  

(12 .7)  

~ ( $ 1  = A,cos$ + A,sin@ (1 2 . 8 )  

2 2 

~ ' ( 4 )  = 2 ( A ,  - A , )  cos4 s in4  + A,(cos 4 - s i n  4 )  ( 1 2 . 9 )  

Now d i f f e r e n t i a t e  equa t ion  ( 1 2 . 6 )  w i t h  r e s p e c t  t o  I$ t o  o b t a i n  
2 

+ 2 v ' I  r$ + ~ " ( 4 )  r + ~ " ( 4 )  r 
2 

2p r4 + [4r p r  
r = -  

44 2 p r  + v (12.1 1 )  

where 
2 2 

~ " ( 4 )  = 2(A, - A , ) ( c o s  (9 - s i n  $ 1  - 4A,cos@ s i n 4  (12 .12)  

* * 
Equa t ions  (12 .6)  and (12.11) a r e  eva lua ted  a t  Z = Z , r = r t o  o b t a i n  

[ N o t e  t h a t  t h e  same va lues  f o r  A I  t h rough  A, v a l u e s  f o r  r and  r 

t h a t  were used t o  calculate r a r e  used again here.] 

* * 
* 4 4  4 

* 
I n  a procedure ana logous  t o  t h e  e v a l u a t i o n  of r i n  Category 2 ,  t h e  * * 

approach f o r  de te rmining  r Z 
u s i n g  m e r i d i o n a l  c u t s  ' l k r e f +  3" through Itkref- 2" are  c a l c u l a t e d  (see 

S e c t i o n  5 f o r  the equa t ion  o f  rz  f o r  a g i v e n  m e r i d i o n a l  c u t ) .  T h e s e  

is as fo l lows .  The values f o r  rz a t  Z = Z 
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( r  , $ )  p a i r s  a r e  t h e n  f i t  i n  a l e a s t - s q u a r e s  s e n s e  using the  fo l lowing  

e q u a t i o n s  : 
Z 

A f t e r  t h e i r  c o e f f i c i e n t s  have been e v a l u a t e d ,  each of these equa- 

t i o n s  i s  a p p l i e d  a t  T h a t  e q u a t i o n  w h i c h  y i e l d s  t h e  c l o s e s t  
* 

* * * 
a g r e e m e n t  w i t h  r ( t h e  v a l u e  o f  rz f o r  Z = Z , $ = $re f )  is u s e d  t o  Z ,ref 

* 
A s  before ,  i f  e q u a t i o n  ( 1 2 . 5 )  is s a t i s f i e d  b y  t h e  c o e f f i -  e v a l u a t e  r 

c i e n t s  o f  ( 1 2 . 1 4 ) ,  t h e n  o n l y  t h e  p a r a b o l i c  f i t t i n g s ,  ( 1 2 . 1 5 )  and  
(12.161, a re  cons ide red  when s e l e c t i n g  t h e  e q u a t i o n  f o r  t h e  e v a l u a t i o n  
r 

Z '  

* 
Z' 

Now d i f f e r e n t i a t e  ( 1 2 . 1 4 )  w i t h  respect t o  I$ t o  o b t a i n  

(12.17) 

where ~ ( $ 1 ,  ~ ( $ 1 ,  ~ ' ( $ 1 ,  and V I ( $ )  are g iven  by (12.71, (12 .81 ,  ( 1 2 . 9 1 ,  
and  ( 1 2 . 1 0 ) ,  r e s p e c t i v e l y .  Using the  same se t  of c o e f f i c i e n t s  used t o  

, rz = r t o  o b t a i n  c a l c u l a t e  r equa t ion  (12.17)  is e v a l u a t e d  a t  $ = $ 

t h e  v a l u e  f o r  r 

* * * 
Z Z' * 

* z$J 
F i n a l l y ,  t h e  a p p r o a c h  f o r  d e t e r m i n i n g  r i s  a s  f o l l o w s .  The 

+ 3" through Ilkref- v a l u e s  f o r  r a t  Z = Z us ing  mer id iona l  c u t s  

2" a re  calculated (see S e c t i o n  5 f o r  t h e  e q u a t i o n  o f  r f o r  a g i v e n  

m e r i d i o n a l  c u t ) .  These ( r  ,I$) p a i r s  are then  f i t  i n  a l e a s t - s q u a r e s  

s e n s e  us ing  the  fo l lowing  equa t ions :  

z z  * 
Itkref zz 

zz 
zz 

2 2 2 

(Aicos $ + A,cos$ s i n @  + A,sin $ 1  rZZ 
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I 

2 2 

Air zz C O S  @ + (A,COS@ + A 5 s i n @ )  r zz + A, = 0. (12.19)  

2 2 

A3r zz s i n  @ + (A,cos@ + A 5 s i n @ )  rZZ + A, = 0. (12.20)  

A f t e r  t h e i r  c o e f f i c i e n t s  have been e v a l u a t e d ,  each  of t h e s e  equa- 

T h a t  e q u a t i o n  wh ich  y i e l d s  t h e  c l o s e s t  
* 

t i o n s  i s  a p p l i e d  a t  @ r e f .  
* * * 

( t h e  va lue  of r f o r  Z = Z , @ = @ref )  is used t o  zz agreement w i t h  r Z , ref * 
A g a i n ,  i f  e q u a t i o n  ( 1 2 . 5 )  i s  s a t i s f i e d ,  o n l y  t h e  e v a l u a t e  r 

p a r a b o l i c  f i t t i n g s  a r e  c o n s i d e r e d  when s e l e c t i n g  t h e  b e s t  e q u a t i o n  f o r  

t h e  eva lua t ion  r 

ZZ' 

* 
ZZ' 

I n  t h e  s p e c i a l  case o f  t h e  u p p e r  a n d  l o w e r  symmetry p l a n e  (I$ = 
f n / 2 ) ,  t h e  va lues  f o r  r ,  rz, and rzz may be o b t a i n e d  d i r e c t l y  f r o m  t h e  

f i r s t  a n d  l as t  m e r i d i o n a l  cu t s ,  r e s p e c t i v e l y ,  which l i e  i n  t h e  symmetry 
p l a n e .  I n  a d d i t i o n ,  i t  is seen t h a t  f o r  symmetry, r and r s h o u l d  b e  

i d e n t i c a l l y  zero.  
For @ = +n/2 r a d i a n s ,  e q u a t i o n s  (12 .7 )  t h rough  (12 .10 )  become 

0 Z @  

v ( @ )  = A5s in@ = &A5 (12.22)  

v ' ( @ )  = -A , s in@ = -(+A,) ( 12.24) 

so t h a t  (12 .6 )  becomes 

2 

A 2 r  f A,r 

@ 2A,r f A 5  r =  ( 12.25)  

F o r  r = 0 ,  e q u a t i o n  ( 1 2 . 2 5 )  r e q u i r e s  t h a t  A 2  = A, = 0. T h e r e f o r e ,  

t h o s e  m e r i d i o n a l  cuts  i n  t h e  neighborhood of  t h e  symmetry p l a n e  a r e  f i t  
u s i n g  

0 
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2 2 2 

(Altos @ + A , s i n  9 )  r + A5r s i n @  + A, = 0. (12.26)  

For @ = k n / 2  r a d i a n s ,  equa t ions  ( 1 2 . 1 2 )  and (12.12)  become 

p"(@) = -2 ( A ,  - A , )  ( 1  2.27) 

V " ( @ )  = -Assin@ = - ( + A , )  ( 12.28 ) 

so t h a t  ( 1  2.11 ) becomes 

2 

2 ( A ,  - A , )  r + A5r s i n @  
r =  00 2 A,r + Assin@ 

which can be w r i t t e n  as 
2 

2 A,r 
r = r  - $0 2 A,r + Assin@ 

I t  s h o u l d  b e  n o t e d  t h a t  d u r i n g  
t h e  equa t ion  s e l e c t i o n s  were monitored 
e q u a t i o n  which y i e l d e d  t h e  b e s t  f i t  

( 1  2.28 ) 

( 12.29 1 

t h e  development of t h i s  approach, 
and it  was found t h a t  t h e  type  of 
over t h e  range of ( Z , @ )  l o c a t i o n s  

v a r i e d .  The re fo re ,  i t  was determined t h a t  a s e l e c t i o n  p r o c e s s  b e t w e e n  
t h e  f o u r  t y p e s  of c o n i c  e q u a t i o n s  was n e c e s s a r y  t o  i n s u r e  t h e  b e s t  
p o s s i b l e  s u r f a c e - f i t .  

The i n t e r p o l a t i o n  p rocess  f o r  t h e  wing is somewhat s i m i l a r  t o  t h a t  
of the  f u s e l a g e .  I n  f a c t ,  r a t h e r  than t h e  wing g l o b a l  c o o r d i n a t e  sys-  
t e m ,  t h e  f u s e l a g e  c o o r d i n a t e  s y s t e m  i s  u s e d  h e r e  a l s o .  T h e s e  
i n t e r p o l a t i o n  r o u t i n e s  a r e  accessed  by t h e  u s e r  t h r o u g h  t h e  f o l l o w i n g  
c a l l  s t a t emen t :  

CALL WINGUSE(Z , X , R B O D Y  , R Z , R P H I  , R Z Z  ,RZPHI , R P H I P H I  , N D E R I V )  

where X is t h e  spanwise l o c a t i o n  of t h e  d e s i r e d  eva lua t ion .  The d e f i n i -  
t i o n s  o f  t h e  r e m a i n i n g  p a r a m e t e r s  a r e  i d e n t i c a l  t o  t h o s e  o f  t h e  
s u b r o u t i n e  VALUATE mentioned e a r l i e r ,  so they a r e  no t  repeated he re .  

The procedure implemented through t h i s  CALL statement f o r  a n  i n p u t  * * * 
v a l u e  of  Z = Z ,  X = X is as  fo l lows .  F i r s t ,  t h e  inpu t  value f o r  X is 
compared w i t h  t h e  spanwise l o c a t i o n s  of t he  o r i g i n a l  wing c r o s s  s e c t i o n s  
o f  d a t a .  The s p a n w i s e  l o c a t i o n  of t h e  o r i g i n a l  wing c r o s s  s e c t i o n  of 

d a t a  p o i n t s  which i s  c l o s e s t  t o  ( b u t  l e s s  t h a n )  X i s  d e f i n e d  t o  b e  
. Next,  t he  ax ia l  l o c a t i o n  of  the  l ead ing  and t r a i l i n g  edges of  t h e  'ref 

wing ( Z L E  and Z r e s p e c t i v e l y )  a r e  found a t  the  spanwise l o c a t i o n  X = 

* 

TE ' 
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I 

* 
X . Using these v a l u e s ,  t h e  pe rcen t  chord l o c a t i o n  ( F i g u r e  12.5)  of any 
a x i a l  p o s i t i o n  a t  t h i s  spanwise s t a t i o n  is c a l c u l a t e d  from: 

( 12.30) 
- 

‘LE 
‘TE- ‘LE 

5 =  

* * * 
E v a l u a t i n g  e q u a t i o n  (12.30) a t  Z = Z g i v e s  5 = 5 . T h i s  v a l u e  o f  5 is 
compared  w i t h  t h e  l o c a t i o n s  of t h e  spanwise c u t s  which were f i t  d u r i n g  
t h e  modeling p rocess .  The l o c a t i o n  of t he  spanwise c u t  which is c l o s e s t  * * 
t o  ( b u t  greater t h a n )  5 is called 6 ( t h e  index number of t h i s  c u t  is ref 

and t h e  d i s t a n c e  t o  t h e  wing s u r f a c e  f r o m  t h e  XZ-plane a t  X = kref ’  * * 
X acco rd ing  t o  the  e q u a t i o n  f o r  t h i s  c u t  is Y 1. ref 

Now t h e  program branches o f f  t o  one of two d i v i s i o n s .  I f  t h e  v a l u e  
f o r  5 is w i t h i n  a r e g i o n  de f ined  t o  be  a l i n e  segment d u r i n g  t h e  curve- 

t h e n  t h e  program advances f i t t i n g  o f  t h e  wing c r o s s  s e c t i o n  a t  X = X 

t o  Category 1 .  Otherwise,  t h e  code moves t o  Category 2. The nex t  phase 
of t he  i n t e r p o l a t i o n  p rocess  is car r ied  o u t  acco rd ing  t o  t he  g u i d e l i n e s  
of these two c a t e g o r i e s .  

* 

ref’  

Category 1 :  

I f  5 l i e s  w i t h i n  a r e g i o n  d e f i n e d  t o  b e  a l i n e  segment i n  t he  
then  d u r i n g  t h e  i n t e r p o l a t i o n  re f ’  f i t t i n g  of t h e  c r o s s  s e c t i o n  a t  X = X 

p rocess ,  t h e  n e i g h b o r h o o d  of 5 is a l s o  f i t  w i t h  a l i n e  segment. The 
f i r s t  s t e p  here is t o  load  t h e  percent-chord l o c a t i o n s  of t h e  b e g i n n i n g  
and end  p o i n t s  o f  t h i s  l i n e  segment  ( 5  and Send, r e s p e c t i v e l y )  as 

de f ined  i n  t h e  f i t t i n g  of t h e  wing c r o s s  s e c t i o n  a t  X = X r e f .  

Next,  t h e  d i s t a n c e  from t h e  XZ-plane t o  the wing s u r f a c e  (Y) at X = 

Then t h e s e  X is found us ing  the  spanwise c u t s  between 5 a n d  5 
(Y,s) p a i r s  a r e  f i t  i n  a l e a s t - s q u a r e s  s e n s e  us ing  t h e  fo l lowing  equa- 
t i o n  (where 5 has been conve r t ed  t o  Z )  f o r  a l i n e  segment: 

* 

* 

b e g  

* 
end  * beg 

A b Y  + A S Z  + A, E 0 .  (12.31 1 

which is a s u b s e t  o f  t he  g e n e r a l  c o n i c  equa t ion  ( w i t h  A I  = A 2  = A 3  = 0 )  

After  t h e  c o e f f i c i e n t s  h a v e  b e e n  e v a l u a t e d ,  t h i s  e q u a t i o n  is ap- * * * *  
p l i e d  a t  5 t o  c a l c u l a t e  Y , t h e  v a l u e  o f  Y a t  ( X  , Z  1. 
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Category 2: 

If 5 does not  l i e  w i t h i n  a l i n e  segment r eg ion  of t h e  f i t  f o r  t h e  
then t h e  p o i n t s  i n  t he  llneighborhoodll o f  wing c r o s s  s e c t i o n  a t  X = X 

5 are  f i t  w i t h  three non- l inea r  e q u a t i o n s .  F i r s t ,  t h e  d i s t a n c e s  f rom 

t h e  XZ-plane t o  t h e  s u r f a c e  o f  the  wing ( Y )  a t  X = X are found us ing  
These  s i x  t h e  spanwise c u t s  w i t h  i n d i c e s  

( Y i , S i )  p a i r s  ( i  = k - 2 ,  k r e f +  3 )  a r e  then  f i t  i n  a l e a s t - s q u a r e s  
s e n s e  us ing  t h e  fo l lowing  e q u a t i o n s  (where 5 has been converted t o  2 ) :  

* 

r e f '  * 
* 

- 2" through l * k r e f +  3". 'Ikref 

r e f  

2 2 

A I Y  + A 2 Y Z  + A 3 Z  + A,Y + A , Z  + A ,  = 0 .  (12.32) 

2 

A I Y  + A , Y  + A 5 Z  + A ,  = 0. 

2 

A,Z + A,Y + A 5 Z  + A, = 0. 

(12.33)  

(12.34)  

where 
( 1 2 . 3 2 )  is  an  e q u a t i o n  f o r  a g e n e r a l  c o n i c ,  
(12.33)  is an e q u a t i o n  f o r  a Y-parabola ( A ,  = A, = 01, 

(12.34)  is an e q u a t i o n  f o r  a Z-parabola ( A ,  = A 2  = 0 ) .  

After  t h e i r  c o e f f i c i e n t s  have been e v a l u a t e d ,  each of t h e s e  equa- 

The r e s u l t i n g  v a l u e s  f o r  Y a re  compared w i t h  

a n d  t h a t  s e t  o f  c o e f f i c i e n t s  which y i e l d s  t h e  c l o s e s t  agreement 

and 

* 
t i o n s  is a p p l i e d  a t  E r e f .  

' ref 
* 

* * * *  
w i t h  Yre f  is used t o  e v a l u a t e  Y , t h e  va lue  o f  Y a t  (X , E  ) .  As w i t h  

t h e  f u s e l a g e ,  i f  e q u a t i o n  ( 1 2 . 5 )  is s a t i s f i e d ,  t h e  gene ra l  c o n i c  r e s u l t  
is not cons ide red  when s e l e c t i n g  the  bes t  e q u a t i o n  f o r  t h e  e v a l u a t i o n  

Y .  
* 

As w i t h  the  f u s e l a g e ,  C a t e g o r i e s  1 and 2 are  only used t o  p r o p e r l y  
d e t e r m i n e  t h e  c o e f f i c i e n t s  A I ,  A , ,  A 3 ,  A , ,  A 5 ,  and A , ,  and then  c a l c u -  

* * 
l a t e  Y . T h e  c o r r e s p o n d i n g  v a l u e  o f  r i s  f o u n d  by e v a l u a t i n g  t h e  * *  
f o l l o w i n g  e q u a t i o n  a t  (X , Y  1 :  

(12.35) 

A s  wi th  t h e  f u s e l a g e ,  t h e  i n t e r p o l a t i o n  p rocess  f o r  t he  wing d e r i v a t i v e s  
i s  treated w i t h  a s i n g l e  approach and does not  r e q u i r e  a d i s t i n c t i o n  t o  
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b e  made be tween l i n e a r  and  n o n - l i n e a r  r e g i o n s .  F i r s t ,  d i f f e r e n t i a t e  
(12.32)  with r e s p e c t  t o  Z t o  o b t a i n  

2 A 3 Z  + A2Y + A ,  
(12.36) 

To conve r t  t h i s  v a l u e  of Y t o  r d i f f e r e n t i a t e  e q u a t i o n  ( 1 2 . 3 5 )  w i t h  

r e s p e c t  t o  Z t o  get  
Z Z '  

2 2 

r Z = Y y Z  1 x + Y 1 - 1 ' 2  = Y Y z / r  

Now d i f f e r e n t i a t e  (12.36)  w i t h  respect t o  Z t o  o b t a i n  

( A I Y Z  + A 2 ) Y Z  + A 3  

2 A I Y  + A 2 Z  + At, Y z z  = -2 

(12.37)  

(12.38) 

To conve r t  t h i s  v a l u e  of Yzz t o  r 

r e s p e c t  t o  Z t o  get  

d i f f e r e n t i a t e  e q u a t i o n  (12.37)  w i t h  zz , 

2 2 

- - yzz + Y z - r  Z 
zz  r r ( 12.39 1 

* * 
Equat ions (12.36)  and (12.38) are e v a l u a t e d  a t  X = X , Y = Y , t o  o b t a i n  

Then these v a l u e s  are s u b s t i t u t e d  i n t o  equa t ions  v a l u e s  f o r  Y and Y 
* * 

zz Z * * 
(12.37) and (12.39)  t o  e v a l u a t e  r, and r-". 

L LL 

The e v a l u a t i o n  of t he  @ - d e r i v a t i v e s  f o r  t h e  wing is  l e f t  as an area 
of f u t u r e  work. A d d i t i o n a l  f u t u r e  work might i nvo lve  a l l o w i n g  t h e  u s e r  
t o  s p e c i f y  a v a l u e  o f  ( Z , @ ) ,  w i t h  t h e  v a l u e  of r and its d e r i v a t i v e s  
r e t u r n e d  whether t h a t  l o c a t i o n  i s  on t h e  wing o r  t h e  f u s e l a g e .  T h i s  
s t r u c t u r e  would be  i n  l i e u  of t h e  p r e s e n t  framework which r e q u i r e s  ( Z , X )  
t o  be  i n p u t  f o r  t h e  wing e v a l u a t i o n .  S u c h  a c a p a b i l i t y  would i n v o l v e  
l o g i s t i c s  t o  h a n d l e  t he  p o s s i b i l i t y  t h a t  a g iven  @-cut  might i n t e r s e c t  
t h e  f u s e l a g e  and both t h e  upper and lower s u r f a c e s  o f  t h e  wing ( F i g u r e  
12 .6 ) .  
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S e c t i o n  13: File S t r u c t u r e  and Manipulation 

To e x e c u t e  t h i s  c o d e ,  t h e  user must f i r s t  c r e a t e  a raw d a t a  f i l e .  
T h i s  f i l e  should c o n t a i n  t h e  g l o b a l  (X,Y) coordinates  of t h e  i n p u t  d a t a  
p o i n t s  g r o u p e d  a c c o r d i n g  t o  c r o s s  s e c t i o n s  a t  s e v e r a l  a x i a l  ( Z )  
l o c a t i o n s .  The format f o r  each c r o s s  s e c t i o n  is a s  fo l lows :  

l i n e  1 :  N D  (number of d a t a  p o i n t s  i n  t h i s  c r o s s  s e c t i o n ) ;  

l i n e  2:  Z ( a x i a l  l o c a t i o n  of t h i s  c r o s s  s e c t i o n ) ;  FORMAT (G13.6) 
l i n e  3: 

FORMAT ( 1 5 )  

(Xi,Yi) c o o r d i n a t e s  f o r  i = l  , N D ;  FORMAT (10G13.6) 

T h i s  is r e f e r r e d  t o  as  t h e  I R A W  f i l e .  

Note: Cur ren t ly  t h e  (X,Y) c o o r d i n a t e s  mus t  be o r d e r e d  s t a r t -  
i ng  from t h e  upper symmetry plane ( d a t a  point  # l )  and r o t a t i n g  
around t h e  c r o s s  s e c t i o n  t o  t h e  l o w e r  symmetry p l a n e  ( p o i n t  
IND). F u t u r e  work might  allow t h e s e  coord ina te s  t o  b e  i n p u t  
i n  a random f a s h i o n .  The program would then t a k e  t h e s e  p o i n t s  
and  p l a c e  them i n  the  o rde r  necessary  f o r  the  proper implemen- 
t a t i o n  of t h i s  c o d e ' s  a lgo r i thm.  

I n  o r d e r  t o  model a wing-body c o n f i g u r a t i o n ,  an a d d i t i o n a l  s e t  of 
wing s e c t i o n  c o o r d i n a t e s  grouped accord ing  t o  wing s e c t i o n s  a t  s e v e r a l  
spanwise l o c a t i o n s  must be appended t o  t h i s  f i l e .  These c o o r d i n a t e s  are 
measured accord ing  t o  t he  wing coord ina te  system ( s e e  Sec t ion  7 )  so t h a t  
t h e  format f o r  each wing s e c t i o n  is as fo l lows :  

l i n e  1 :  ND (number of data  p o i n t s  i n  t h i s  wing s e c t i o n ) ;  

l i n e  2: Z (spanwise l o c a t i o n  of t h i s  wing s e c t i o n ) ;  

l i n e  3: ( X .  , Y .  c o o r d i n a t e s  f o r  i = l , N D ;  FORMAT (lOG13.6) 

FORMAT (15) 

FORMAT (G13.6) 
1 1  

The f u s e l a g e  d a t a  and  t h i s  wing d a t a  should be s e p a r a t e d  by one blank 
l i n e .  

D u r i n g  t h e  e x e c u t i o n  of  t h e  p rogram,  a s  e a c h  c r o s s  s e c t i o n  o r  
b l e n d i n g  f i t  is  c o m p l e t e d  b y  t h e  u s e r ,  s e v e r a l  o f  i t s  d e f i n i n g  
p a r a m e t e r s  a r e  s t o r e d  i n  a r e f i n e d  d a t a  f i l e  ( r e f e r r e d  t o  as the  I F 0  
f i l e ) .  These d e f i n i n g  parameters i n c l u d e  c o n t r o l  p o i n t  l o c a t i o n s  a n d  
t h e  g l o b a l  c o e f f i c i e n t s  f o r  each a r c  equat ion.  In f u t u r e  f i t t i n g  ses- 
s i o n s ,  t h i s  f i l e  w i l l  b e  used  t o  r e load  t h e  user -prescr ibed  f i t t i n g s  f o r  
each  of  t he  s e c t i o n s  which were p rev ious ly  f i t t e d .  

As m e n t i o n e d  i n  S e c t i o n  2 ,  t h e  u s e r  may t e r m i n a t e  t h e  c u r r e n t  
f i t t i n g  s e s s i o n  b e f o r e  t h e  model is completed, and t h e  f i t t i n g s  which 
were  made d u r i n g  t h a t  s e s s i o n  a r e  s a v e d .  In o r d e r  t o  h a v e  t h i s  
c a p a b i l i t y ,  a d d i t i o n a l  d a t a  f i l e s  must  be c rea t ed .  The p o r t i o n  of t h e  
raw d a t a  f i l e  which has not  y e t  been a c c e s s e d  by t h e  user i s  s a v e d  i n  
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t h e  ISAVE f i l e ,  and t h e  number of s e c t i o n s  which have been f i t  t h u s  far 
is saved i n  t h e  I G U I D E  f i l e .  

Note: To u t i l i z e  t hese  r e s t a r t  f i l e s ,  t h e  use r  must reload 
t h e i r  in fo rma t ion  from the  I F O ,  ISAVE, and  I O U T  f i l e s  t o  t h e  
I F I ,  IRAW, a n d  I G U I D E  f i l e s ,  r e s p e c t i v e l y .  T h i s  f e a t u r e  
allows t h e  u s e r  t o  end an i n t e r a c t i v e  m o d i f i c a t i o n  s e s s i o n  a t  
any  time w i t h o u t  l o s i n g  t h e  changes made i n  t h a t  s e s s i o n .  If 
the  use r  p r e f e r s  n o t  t o  keep  t h o s e  c h a n g e s  made d u r i n g  t h e  
most  r e c e n t  m o d i f i c a t i o n  s e s s i o n ,  t h e n  t h i s  r e l o a d i n g  process 
s h o u l d  n o t  b e  p e r f o r m e d .  F u t u r e  work i n  t h i s  a rea  m i g h t  
i n c l u d e  t h e  a u t o m a t i o n  o f  t h e  f i l e  r e l o a d i n g  o p e r a t i o n  men- 
t i o n e d  a b o v e .  I n  s u c h  a s c e n e r i o ,  when t h e  c u r r e n t  
m o d i f i c a t i o n  was ended, t he  use r  would be g iven  t h e  o p t i o n  t o  
s a v e  o r  d i s g a r d  those changes made during t h a t  s e s s i o n .  

The s p a c i n g s  f o r  t h e  m e r i d i o n a l  c u t s  and  spanwise b l e n d s ,  a long 
w i t h  the  pa rame te r s  which describe the  nose r e g i o n  f i t ,  are saved i n  t h e  
IUSE f i l e .  T h i s  f i l e  a l s o  r e p l i c a t e s  t h e  in fo rma t ion  which is s t o r e d  i n  
t he  IF0  and I G U I D E  f i l e s .  T h u s ,  a l l  of t h e  i n f o r m a t i o n  n e c e s s a r y  t o  
r e p r o d u c e  t h e  c o n s t r u c t e d  geometry model is con ta ined  i n  t h e  I U S E  f i l e .  
T h i s  f i l e  is accessed by t h e  i n t e r p o l a t i o n  r o u t i n e s  when the c o n s t r u c t e d  
model  is b e i n g  used t o  e v a l u a t e  t he  body r a d i u s  and i ts  pa r t i a l  d e r i v a -  
t i v e s  a t  a given (Z,$I) l o c a t i o n .  

Note: To reduce  s t o r a g e  r equ i r emen t s ,  t he  fo l lowing  f i l e s  are 
stored i n  b i n a r y  form: I F I ,  IFO,  I C U I D E ,  a n d  IUSE. S i n c e  
these  a r e  b i n a r y  f i l e s ,  t h e  u s e r  shou ld  no t  attempt t o  e d i t  
them, t y p e  them t o  t h e  s c r e e n ,  o r  p r i n t  them! 

Note: Addresses f o r  these f i l e s  are a s s i g n e d  i n  PROGRAM M A I N  
o f  t he  code. 
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Section 14: R e s u l t s  and Discussion 

The accuracy of a model f o r  a given geometry can have a s i g n i f i c a n t  
e f f e c t  on t h e  r e s u l t s  o b t a i n e d  from f l o w f i e l d  c a l c u l a t i o n s .  A s  an 
example, cons ide r  two models o f  t he  Space S h u t t l e .  The f irst  is  s i m p l y  
a h y p e r b o l o i d ,  which is axisymmetric by d e f i n i t i o n .  Th i s  shape matches 
t h e  windward p l ane  o f  symmetry o f  t h e  S h u t t l e  g e o m e t r y  w e l l ,  b u t  t h e  
c r o s s  s e c t i o n s ,  w i n g ,  and canopy a r e  n o t  modeled. The second r ep re -  
s e n t a t i o n  is t h e  H A L I S  Q U I C K  model (see r e f e r e n c e  1 ) .  T h i s  model  was 
u s e d  i n  t h e  H A L I S  i n v i s c i d  f l o w f i e l d  code, and it p r o v i d e s  a good model 
of t h e  windward s u r f a c e  o f  the  S h u t t l e ,  i n c l u d i n g  the  wing. 

Some r e s u l t s  from a viscous-shock-layer ( r e f .  13) code us ing  these 
two models a re  shown i n  F igu re  1 4 . 1 .  T h i s  heat t r a n s f e r  c o m p a r i s o n  i s  
f o r  t he  windward symmetry p l a n e  o f  t h e  S h u t t l e .  I t  can be seen  t h a t  the  
r e s u l t s  u s ing  the  QUICK model are i n  b e t t e r  a g r e e m e n t  w i t h  t h e  f l i g h t  
d a t a  t h a n  t h o s e  o b t a i n e d  us ing  the  hyperboloid model. Th i s  d i f f e r e n c e  
can be a t t r i b u t e d  t o  the  fac t  t ha t  the Q U I C K  model a l lows  the  f l o w f i e l d  
c a l c u l a t i o n s  t o  take i n t o  account  t h e  effect  of spanwise f low a long  the 
wing. I n  a d d i t i o n ,  t h e  Q U I C K  model p r o p e r l y  accoun t s  f o r  t h e  e x p a n s i o n  
r e g i o n  a t  t he  rear o f  t h e  f u s e l a g e ,  whereas the hype rbo lo id  does n o t .  

A geometry model f o r  t h e  S h u t t l e  was c rea t ed  u s i n g  t h e  c u r r e n t  
method f rom a s e t  o f  d a t a  p o i n t s  g r o u p e d  accord ing  t o  f u s e l a g e  cross 
s e c t i o n s ,  The c o m p l e x i t i e s  of t h i s  geometry provided an  e x c e l l e n t  t e s t  
f o r  t h e  many f e a t u r e s  o f  t h i s  code. A s  the  c r o s s - s e c t i o n  c u r v e - f i t t i n g  
p rocess  advanced a long  t h e  f u s e l a g e  away from the  n o s e ,  t h e  c r o s s  sec-  
t i o n s  became i n c r e a s i n g l y  more c h a l l e n g i n g ,  b r i n g i n g  w i t h  them the  
n e c e s s i t y  t o  make the program more powerful.  

For t h i s  Space S h u t t l e  model, t h e  nose r a d i u s  o f  c u r v a t u r e  was l e f t  
as p a r t  o f  the  s o l u t i o n  ( o p t i o n  3 o f  t h e  Nose Radius  of Curva tu re  Menu), 
and  t h e  n o s e  f i t  was c o n s t r a i n e d  t o  p a s s  through the  c u r v e - f i t s  o f  t h e  
second and t h i r d  cross s e c t i o n s  of i n p u t  c o o r d i n a t e s .  Wing c r o s s  sec- 
t i o n  d a t a  was a l s o  a v a i l a b l e ,  so  the  wing-body combination was modeled. 
Using t h e  i n t e r p o l a t i o n  r o u t i n e s ,  t h e  agreement between t h i s  m o d e l ,  t h e  
o r i g i n a l  i n p u t  d a t a  p o i n t s ,  and  t h e  H A L I S  Q U I C K  model was examined. 
S i n c e  the Q U I C K  model used here does no t  a t t e m p t  t o  model a l a r g e  po r -  
t i o n  o f  t h e  u p p e r  p a r t  o f  t h e  f u s e l a g e ,  c o m p a r i s o n s  between t h e  two 
models and t h e  o r i g i n a l  data are res t r ic ted,  f o r  t h e  most  p a r t ,  t o  t h e  
windward s u r f a c e  o f  t h e  f u s e l a g e  a n d  wing.  The r e s u l t s  of t h i s  com- 
p a r i s o n  a r e  p r e s e n t e d  i n  T a b l e  2 ( t h e  n o s e  r e g i o n ) ,  T a b l e  3 ( t h e  
f u s e l a g e  a f t  o f  t h e  n o s e  r e g i o n ) ,  and Tab le  4 ( t h e  wing).  I t  can be 
seen t h a t  b o t h  models a r e  i n  good a g r e e m e n t  w i t h  t h e  o r i g i n a l  i n p u t  
c o o r d i n a t e s  f o r  t h e  m a j o r i t y  of t h e  compared p o r t i o n s  of t h e  geometry 
( F i g u r e s  14.2 through 1 4 . 1 5 ) .  

A g e o m e t r y  ( ref .  1 4 )  for  t h e  proposed A e r o a s s i s t  F l i g h t  Experiment 
(AFE) was chosen as a second t e s t  case f o r  the  c u r r e n t  geometry package. 
This  c o n f i g u r a t i o n  is a r a k e d  e l l i p t i c  cone w i t h  a n  e l l i p s o i d a l  nose and 
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c i r c u l a r  arc  s k i r t  ( F i g u r e  14.16) .  As shown i n  r e f e r e n c e  1 4 ,  t h i s  body 
s u r f a c e  a n d  i t s  p a r t i a l  d e r i v a t i v e s  c a n  b e  c o m p l e t e l y  d e f i n e d  
a n a l y t i c a l l y .  For t h i s  case t h e  fo l lowing  v a l u e s  were used i n  c o n j u n c -  
t i o n  w i t h  t h e  c y l i n d r i c a l  af terbody o p t i o n :  - 

E = 1 .  
b 

T = e = 60 degrees  6 = 73 degrees R = . 1  Y Z  
N e x t ,  e l e v e n  c r o s s  s e c t i o n s  o f  37 data p o i n t s  each ( p o s i t i o n e d  a t  

AI$ = 5 degree  inc remen t s )  were g e n e r a t e d .  The s p a c i n g  f o r  t h e  c r o s s  
s e c t i o n s  a n d  t h e i r  da t a  p o i n t s  was c h o s e n  a r b i t r a r i l y ,  a l t h o u g h  t h e  
number o f  c r o s s  s e c t i o n s  was kept  small i n t e n t i o n a l l y  i n  o r d e r  t o  t a x  
t h e  c o d e ' s  a b i l i t y  t o  model a g e o m e t r y  b a s e d  on a minimal amount o f  
i n p u t .  T h i s  p o i n t  is o f  i n t e r e s t  s i n c e  t h e  number o f  c ros s  s e c t i o n s  
u s e d  t o  g e n e r a t e  t h e  model  d i c t a t e s  the  time r e q u i r e d  f o r  t he  use r  t o  
s u r f a c e - f i t  a p a r t i c u l a r  geometry. 

U s i n g  t h e s e  d a t a  p l a n e s ,  t h e  AFE g e o m e t r y  was s u c c e s s f u l l y  
s u r f a c e - f i t  by  a u s e r  who was u n f a m i l i a r  w i t h  t h e  c o d e  a n d  i t s  
o p e r a t i o n .  T h i s  modeling p rocess  was performed dur ing  s e v e r a l  s e s s i o n s ,  
and the t o t a l  time expended by the  use r  ( s t a r t i n g  f r o m  raw d a t a ,  p e r i -  
o d i c a l l y  modifying given c u r v e - f i t s ,  u n t i l  the  model was completed) was 
approximately three hour s .  

F o r  t h i s  g e o m e t r y ,  t h e  nose r e g i o n  is c o n s t r a i n e d  t o  pass through 
the  f i r s t  and second c r o s s - s e c t i o n a l  c u r v e - f i t s .  S i n c e  t h e  a n a l y t i c  
e q u a t i o n  f o r  t h e  nose r e g i o n  o f  t h i s  geometry is an e l l i p s o i d ,  t h e  nose 
r a d i i  o f  c u r v a t u r e  i n  t h e  X Z -  a n d  YZ-planes a r e  g i v e n  by e q u a t i o n s  
( D . 1 0 )  a n d  ( D . l I ) ,  r e s p e c t i v e l y .  Based  on t h e  s p e c i f i e d  i n p u t  
parameters (and t h e  r e s u l t i n g  v a l u e s  f o r  a ,  b ,  and c i n  r e f .  1 4 )  f o r  
t h i s  case, these r e l a t i o n s  y i e l d  

.6836643 R y Z =  .4499019. RXZ' 

The computed d i s t r i b u t i o n  o f  t h e  nose r a d i i  of c u r v a t u r e ,  based on these 
v a l u e s  f o r  t he  p r i n c i p l e  r a d i i  of c u r v a t u r e ,  is  p r e s e n t e d  i n  T a b l e  5 .  
A l s o  p r e s e n t e d  i n  T a b l e  5 is t h e  d i s t r i b u t i o n  ob ta ined  when t h e  nose 
r a d i u s  of c u r v a t u r e  is no t  specif ied by t h e  u s e r .  The t w o  d i s t r i b u t i o n s  
are found t o  be v i r t u a l l y  i d e n t i c a l .  T h i s  is t o  be expected as shown i n  
t h e  f o l l o w i n g  argument. The two c r o s s  s e c t i o n s  chosen t o  model the  nose 
r e g i o n  a r e  i n d e e d  w i t h i n  t h e  e l l i p s o i d a l  n o s e  r e g i o n  of t h e  A F E  
geometry. T h e r e f o r e ,  t h e y  a r e  s y m m e t r i c  a b o u t  t h e  XZ-plane ( F i g u r e  
1 4 . 1 7 ) .  A s  a r e s u l t ,  t h e  c o e f f i c i e n t s  f o r  t h e  upper and lower p o r t i o n s  
o f  a g iven  mer id iona l  pair s h o u l d  b e  i d e n t i c a l .  T h u s ,  when t h e  n o s e  
r a d i u s  o f  c u r v a t u r e  is determined a s  p a r t  o f  the  s o l u t i o n ,  n o t  on ly  is 
D as  a s s i g n e d  by t h e  program, b u t  t h e  symmetry c a u s e s  B1 = B U .  

On t h e  o t h e r  h a n d ,  when the  nose r a d i u s  of c u r v a t u r e  is s p e c i f i e d ,  t h e  
symmetry causes  B = B and D1 = -D . T h u s ,  t h e  d i s t r i b u t i o n s  o f  t h e  

n o s e  r a d i i  o f  c u r v a t u r e  s h o u l d  be  n e a r l y  i d e n t i c a l  f o r  t h e  two nose 
r eg ion  d e f i n i t i o n s .  

I n  o r d e r  t o  v a l i d a t e  t h i s  AFE s u r f a c e - f i t ,  t h e  body r a d i i  and  
p a r t i a l  d e r i v a t i v e s  as c a l c u l a t e d  from the  model are compared w i t h  the i r  
corresponding a n a l y t i c  v a l u e s  i n  Tables  6 and 7 .  A s  a f u r t h e r  t e s t ,  t he  

= -D 
1 U 

1 U U 
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l o c a t i o n s  of these comparisons are chosen so  as not  t o  c o i n c i d e  w i t h  t h e  
c r o s s  s e c t i o n s  and m e r i d i o n a l  c u t s  w h i c h  were a c t u a l l y  c u r v e - f  i t  t o  
g e n e r a t e  t h e  model .  The r e s u l t s  of t h i s  comparison, i n  g e n e r a l ,  show 
e x c e l l e n t  agreement f o r  t h e  body r a d i i ,  v e r y  good a g r e e m e n t  f o r  t h e  
f i r s t  p a r t i a l  d e r i v a t i v e s ,  and f o r  t he  most p a r t ,  i n c o n s i s t e n t  agreement 
f o r  t h e  second p a r t i a l  d e r i v a t i v e s  ( s e e  T a b l e s  6 a n d  7 ) .  So i n  i t s  
c u r r e n t  fo rm,  a model developed using t h i s  geometry package shou ld  meet 
the  needs of a f l o w f i e l d  code which r e q u i r e s  t h e  geometry s u b r o u t i n e  t o  
c a l c u l a t e  t h e  s u r f a c e  c o o r d i n a t e s  and even first p a r t i a l  d e r i v a t i v e s .  
However, t h e  c o n s t r u c t e d  model may n o t  s e r v e  s a t i s f a c t o r i l y  when t h e  
s e c o n d  p a r t i a l  d e r i v a t i v e s  must  a l s o  b e  p r o v i d e d  by t h e  g e o m e t r y  
s u b r o u t i n e .  

T h e  p r o p e r  s p a c i n g  and d e n s i t y  o f  t h e  i n p u t  data  can b e  c r u c i a l  t o  
the  development of acceptable c r o s s - s e c t i o n a l  c u r v e - f i t s .  I n  each c r o s s  
s e c t i o n ,  d a t a  p o i n t s  shou ld  b e  p l a c e d  i n  t h e  upper and lower p l a n e s  of 
symmetry, a t  each d i s c o n t i n u i t y  and i n f l e c t i o n  p o i n t ,  and a t  t h e  b e g i n -  
n i n g  and  end  p o i n t s  o f  any l i n e  s e g m e n t s .  These s p e c i a l  data p o i n t  
l o c a t i o n s  w i l l  u l t i m a t e l y  be def ined t o  be c o n t r o l  p o i n t s  ( F i g u r e  1 4 . 1 8 )  
i n  t h e  c r o s s - s e c t i o n a l  c u r v e - f i t t i n g  process .  (Recall  t h a t  each p a i r  of 
c o n t r o l  p o i n t s  d e f i n e  the  end p o i n t s  of t h e  a r c  which c o n n e c t s  them.)  
I n  a d d i t i o n ,  a t  l e a s t  one i n t e r m e d i a t e  data p o i n t  ( F i g u r e  14 .19 )  shou ld  
be l o c a t e d  between each of these data p o i n t s  ( e x c e p t  f o r  b e t w e e n  t h o s e  
data p o i n t s  which d e f i n e  t h e  ends of a l i n e  segment) i n  o r d e r  t o  p rov ide  
t h e  f i f t h  c o n s t r a i n t  f o r  t h e  c o n i c  e q u a t i o n  ( t w o  end p o i n t s ,  two e n d  
s l o p e s ,  a n d  a n  i n t e r m e d i a t e  p o i n t ) .  I n c l u d i n g  two o r  more such i n t e r -  
mediate p o i n t s  r e q u i r e s  a l e a s t - s q u a r e s  s o l u t i o n  t o  t h e  g i v e n  a r c .  I n  
g e n e r a l ,  a m i n i m a l  number o f  i n t e r m e d i a t e  p o i n t s  is recommended s i n c e  
ove r spec i f  i c a t i o n  can a c t u a l l y  hamper t h e  curve-f i t t i n g  p rocess ,  and t h e  
r e s u l t i n g  f i t  may a c t u a l l y  b e  i n f e r i o r  t o  a f i t  o b t a i n e d  from u s i n g  
fewer data p o i n t s .  

The g u i d e l i n e s  o f  t h e  a b o v e  pa rag raph  are d i r e c t l y  a p p l i c a b l e  t o  
t h e  wing c r o s s  s e c t i o n s  a s  w e l l .  And s i n c e  t h e  same l e a s t - s q u a r e s  
c u r v e - f i t t i n g  t e c h n i q u e  is used i n  b l end ing  the  f u s e l a g e  and wing cross 
s e c t i o n s  i n  t h e  l o n g i t u d i n a l  a n d  s p a n w i s e  d i r e c t i o n s ,  r e s p e c t i v e l y ,  
t h e s e  g u i d e l i n e s  may a l s o  b e  a p p l i e d  t o  these cases, r ecogn iz ing  t h a t  
the  data  p o i n t s  are now a c t u a l l y  i n t e r s e c t i o n s  b e t w e e n  t h e  m e r i d i o n a l  
( o r  spanwise)  c u t s  and t h e  f u s e l a g e  ( o r  wing) c r o s s  s e c t i o n s .  Thus,  f o r  
a n  op t ima l  f u s e l a g e  s u r f a c e  b l end ing ,  t h e  c r o s s  s e c t i o n s  of d a t a  s h o u l d  
b e  l o c a t e d  a t  each l o n g i t u d i n a l  d i s c o n t i n u i t y  and i n f l e c t i o n  p o i n t ,  and 
a t  t he  beginning and end p o i n t s  of any l o n g i t u d i n a l  l i n e  s e g m e n t s .  As 
w i t h  t h e  c r o s s  s e c t i o n s ,  a t  l e a s t  o n e  i n t e r m e d i a t e  p o i n t  s h o u l d  be  
located between each of these p o i n t s .  I n  a d d i t i o n ,  s e v e r a l  c r o s s  sec- 
t i o n s  s h o u l d  be c l u s t e r e d  nea r  t h e  nose i n  o r d e r  t o  p rov ide  a good nose 
r e g i o n  d e f i n i t i o n .  

These c r i t e r i a  p r o v i d e  t h a t ,  i n  g e n e r a l ,  o n l y  a few wing c r o s s  
s e c t i o n s  are necessa ry  f o r  a good wing s u r f a c e - f i t .  I n  f a c t ,  a s i m p l e  
wing ( f o r  example, a wing w i t h  l i n e a r l y  va ry ing  t w i s t  and taper ,  and no 
b r e a k s  i n  t h e  planform) may b e  a c c u r a t e l y  s u r f a c e - f i t  u s i n g  o n l y  two 
wing sect ions--one a t  t h e  wing r o o t  and one a t  t h e  wing t i p .  
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S e c t i o n  15: Concluding Remarks 

An i n t e r a c t i v e ,  u s e r - f r i e n d l y ,  c o m p l e t e l y  menu-dr iven  code f o r  
s u r f a c e - f i t t i n g  a rb i t ra ry  g e o m e t r i e s  has been  d e v e l o p e d .  P r o v i s i o n s  
have been made t o  handle  bodies ,  wings, and wing-body combinat ions.  The 
p r e s e n t  method c a l c u l a t e s  f i r s t  and  s e c o n d  p a r t i a l  d e r i v a t i v e s ,  i n  
a d d i t i o n  t o  t h e  body r a d i u s ,  f o r  any p o i n t  on t h e  c o n f i g u r a t i o n .  
Geometry comparisons f o r  t h e  Space  S h u t t l e  and  a p r o p o s e d  A e r o a s s i s t  
F l i g h t  Experiment (AFE) geometry show good agreement between the  va lues  
c a l c u l a t e d  from t h e  models a n d  t h o s e  of  t h e  i n p u t  c o o r d i n a t e s  ( S p a c e  
S h u t t l e )  and a c t u a l  geomet ry  ( A F E ) .  Numerical  r e s u l t s  show t h a t  t h e  
accuracy of t h e  g e o m e t r y  model c a n  h a v e  a s i g n i f i c a n t  e f f e c t  on t h e  
f l o w f i e l d  c a l c u l a t i o n s .  
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Appendix A: Eva lua t ion  o f  the  Local Conic Equat ion Coefficients 

R e p e a t i n g  e q u a t i o n  ( 2 . 2 1 ,  t h e  g e n e r a l  c o n i c  e q u a t i o n  i n  l o c a l  
c o o r d i n a t e s  is 

which i n h e r e n t l y  p a s s e s  through t h e  f irst  c o n t r o l  p o i n t  ( x  = 0 ,  y = 0 ) .  
Let x = x be t h e  l o c a t i o n  of t h e  second  c o n t r o l  p o i n t  ( w h i c h  r e c a l l  

a l s o  l i e s  on t h e  x - a x i s ) .  The  c o n s t r a i n t  t h a t  the cu rve  pass  th rough  
t h i s  p o i n t  (xcp,O) y i e l d s  

CP 

D = - A xCp (A.2) 

To f i n d  t h e  s l o p e  i n  t h i s  l o c a l  sys t em,  d i f f e r e n t i a t e  e q u a t i o n  
( A . 1 )  w i t h  r e s p e c t  t o  x :  

dv A X C p -  2 A x  - B y  
- =  
dx B x  + 2 C y  + E 

Apply e q u a t i o n  ( A . 3 )  a t  the f irst  c o n t r o l  p o i n t ,  and d e f i n e  i t  t o  b e  t h e  
beg inn ing  s l o p e ,  m T h i s  y i e l d s  b '  

so tha t  

A xcP  E = - - -  
b 

m 

S i m i l a r l y ,  apply 
it t o  be the end 

(A.5) 

e q u a t i o n  (A.3) a t  t h e  second c o n t r o l  p o i n t ,  a n d  d e f i n e  
s l o p e ,  m T h i s  y i e l d s  e '  

-A x CP 

so  t h a t  

( A . 6 )  

( A  .7 

From t h e s e  r e l a t i o n s ,  i t  is s e e n  t h a t  t h e  end s l o p e s  o f  a n  arc do n o t  
a f fec t  the c o e f f i c i e n t  C ,  and v i c e  v e r s a .  
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A s  m e n t i o n e d  e a r l i e r ,  t h e  s l o p e  a t  a g i v e n  c o n t r o l  p o i n t  may be 
l e f t  a r b i t r a r y  by t h e  u se r ,  i n  which  c a s e  t h e  g l o b a l  s l o p e  f o r  t h e  
r e s u l t i n g  a r c  equa t ions  w i l l  b e  cont inuous  w i t h  a d j a c e n t  segments a c r o s s  
t h i s  c o n t r o l  p o i n t .  Reference 9 es tabl ishes  the  fo l lowing  r e l a t i o n s  a t  
c o n t r o l  p o i n t  l l j l l  ( d e n o t e d  by t h e  s u b s c r i p t  l 1 j l 1 )  t o  i n s u r e  t hese  
cond i t ions :  

and 

j 
- A.cosA8 

A j  -1 J 
A .  J =  
m 

j 
sinA8 

b j 
(A.9) 

where A0 is t h e  d i f f e r e n c e  i n  the  o r i e n t a t i o n  of t h e  two a d j a c e n t  l o c a l  
c o o r d i n a t e  systems ( F i g u r e  A . l ) .  

S u b s t i t u t e  equa t ions  ( A . 2 ) ,  (A.51 ,  (A .71 ,  ( A . 8 1 ,  and  ( A . 9 )  i n t o  
equa t ion  ( A . 1 )  t o  o b t a i n  

2 

+ c . y  = 0 ( A . 1 0 )  + ' jAj + ' a A  J j + l  J j j - 1  c i A  

where 

XCPY - X Y  
.~ 

sinA8 a =  
j 

j 
( A . 1 1 )  

(A.12) 

X Y  Y =  j s inA8j+ l  (A.13) 

Note: The above r e l a t i o n s  are f o r  a r c s  where both  e n d  s l o p e s  
h a v e  b e e n  l e f t  a rb i t ra ry .  The v a l u e s  of these parameters  f o r  
t h e  arcs  where either one o r  bo th  end s l o p e s  is s p e c i f i e d  a r e  
g iven  i n  Reference 9 .  

There are two unknowns ( A  C.) f o r  each arc where both end  s l o p e s  

have been l e f t  a rb i t ra ry  ( b u t  f o r c e d  t o  b e  cont inuous  a c r o s s  the  c o n t r o l  
p o i n t ,  r e c a l l ) .  The re fo re ,  one i n t e r m e d i a t e  da ta  p o i n t  f o r  e a c h  a r c ,  
a l o n g  w i t h  t h e  c o n t i n u o u s  s l o p e  requi rement ,  w i l l  c o n s t r a i n  t h e  conic  
equa t ion  ( i f ,  i n  fac t ,  these c o n d i t i o n s  may b e  s a t i s f i e d  by a c o n i c ) .  
S i n c e  i n  g e n e r a l  t h e r e  w i l l  b e  more t h a n  one  da t a  p o i n t  between two 

j '  J 
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c o n t r o l  p o i n t s ,  these cu rves  a r e  o v e r d e t e r m i n e d ,  and  a l e a s t - s q u a r e s  
s o l u t i o n  of e q u a t i o n  (A .10)  is sought  (Reference 9) .  

The e q u a t i o n  f o r  each arc as d e t e r m i n e d  f r o m  t h e  a b o v e  p r o c e d u r e  
must  b e  checked  f o r  complex r o o t s .  I t  is shown i n  r e f e r e n c e  9 t h a t  no 
complex r o o t s  occur  w i t h i n  t h e  arc i f  

A.C. > ( A . / m b  ( A . / m e  ) 
J J -  J i J i 

( A . 1 4 )  

T h i s  
t hen  

With 

J J 

i n e q u a l i t y  is checked w i t h i n  t h e  program. I f  it is n o t  s a t i s f i e d ,  
C .  is r e p l a c e d  by  a v a l u e  which s a t i s f i e s  

J 

A . C  = ( A . / m b  1 (A./me ) 
J j  J j  J J  

( A . 1 5 )  

Note:  S i n c e  a s  m e n t i o n e d  b e f o r e ,  t h e  v a l u e  o f  C. does no t  
a f f e c t  t h e  end s l o p e s  of its a rc ,  t h i s  s u b s t i t u t i o n J d o e s  n o t  
a f f e c t  t h e  f i t t i n g  e q u a t i o n s  of the arcs a d j a c e n t  t o  t h e  arc 
where t h i s  change is made. 

t he  v a l u e s  of A .  and C .  f o r  each arc d e f i n e d ,  t h e  v a l u e s  of D E 
J J j’ j’ 

and B are found from e q u a t i o n s  (A.21, (A.51, and (A.71, r e s p e c t i v e l y .  

Given  o n e  c o o r d i n a t e  o f  a d e s i r e d  l o c a t i o n ,  i n  u s i n g  e q u a t i o n  
( A . l ) ,  a q u a d r a t i c  e q u a t i o n  i s  e n c o u n t e r e d  i n  t h e  s o l u t i o n  f o r  t h e  
unknown c o o r d i n a t e .  A c h o i c e  between t h e  ft+ll o r  tl-lt s i g n  must b e  made 
beforehand.  Reference 9 establishes t h a t  t h e  proper s i g n  t o  use here is 

the  fl+fl s i g n  i f  A . / m  > 0 and A . / m  < 0 (A.16) 

j 

J bj J e j  

and 

the s i g n  i f  A . / m  < 0 and A . / m  > 0 (A.17) J bj J e j  
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Appendix B: Proper S ign  S e l e c t i o n  i n  Using the Global Conic Equat ion 

Define 

1 / 2  2 
P = { ( X  - X r )  + ( Y  - Y r )  I 

and 

L 2 

where ( X  , Y  ) may be any r e f e r e n c e  p o i n t ,  so  t h a t  r r  
x = x  + P cos$r r 

r 

and 
Y = Y + P sin$,  

( B . 1 )  

Now s u b s t i t u t e  equa t ions  ( B . 3 )  and ( 5 . 4 )  i n t o  equa t ion  ( 2 . 1 )  t o  ge t  

E P  + g P  + l) = 0 ( B  .5) 
2 

where 
2 2 

E = A , c O s  $ + A2sin$ cos$ + A3sin  $ 

5 = ( 2  A , X r  + A,, + A , Y r )  

r r r r ( B  .6 1 

+ ( 2  A,Y,  + A ,  + A,Xr) s in$ r  ( B  . 7 )  

and 
2 2 

l) = A , X r  + A 2 X r Y r  + A 3 Y ,  + AbX,  + A S Y ,  + A ,  ( B . 8 )  

Note t h a t  q is c o n s t a n t  f o r  a given arc ( p r o v i d e d  t h e  r e f e r e n c e  po in t  is 
f i x e d )  . 

Given  one  c o o r d i n a t e  o f  a d e s i r e d  l o c a t i o n ,  i n  u s i n g  e q u a t i o n  
( B . 5 1 ,  a q u a d r a t i c  e q u a t i o n  i s  e n c o u n t e r e d  i n  t h e  s o l u t i o n  f o r  t h e  
unknown c o o r d i n a t e .  A cho ice  between t h e  o r  11-11  s i g n  must  b e  made 
beforehand.  An o u t l i n e  o f  t h e  deve lopmen t  of  t h e  c r i t e r i a  f o r  t h i s  
s e l e c t i o n  is shown below. 

Apply equa t ion  ( B . 5 )  a t  t h e  c o n t r o l  p o i n t  a t  t h e  end  o f  a r c  II j - l f1  
t o  o b t a i n  

2 - 
l) = - C € . P  j + CjPj l  ( B  . 9 )  

S u b s t i t u t e  equa t ion  (B.9) back i n t o  equa t ion  ( B . 5 )  t o  o b t a i n  
2 2 

E P + 5 P - [ E . P  + GjPj1  = 0 ( B . 1 0 )  
J J  
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Solve  f o r  F t o  g e t  
2 2 

+ { 5 + 4 E [ E . P  + 3 . P . I  p2 
J j  J J  -3 - 

2 E  
F =  ( B . 1 1 )  

E v a l u a t e  e q u a t i o n  ( B . 1 1  a t  t h e  c o n t r o l  p o i n t  a t  t h e  end of t h e  c u r r e n t  
a r c  t o  o b t a i n  

1 / 2  2 

+ 4 E . 3 . F  + 4 E . P .  } 
( B . 1 2 )  J J J  J J  

- 
P =  
j 2 E ;  

J 

which can be  w r i t t e n  as 

J 

I n  accordance w i t h  e q u a t i o n  ( B . 1 3 1 ,  use 

the 1 1 + 1 1  s i g n  when 2 E . P  + 5 .  > 0 

the  1 1 - 1 1  s i g n  when 2 E . P  + 5 .  < 0 

J J  J 

J J  J 

and 
( B . 1 4 )  

( B . 1 5 )  
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Appendix C: Der iva t ion  of Conic F i t t i n g  Equat ion  for  Nose Region 

The  g e n e r a l  c o n i c  e q u a t i o n  i n  a m e r i d i o n a l  h a l f - p l a n e  can  b e  
w r i t t e n  

2 2 

+ A 2 r  Z + A 3 Z  + A , r  + A 5 Z  + A ,  = 0. ( C . 1 )  

I n  o rde r  f o r  t h i s  equa t ion  t o  p a s s  t h r o u g h  t h e  o r i g i n ,  A ,  = 0 .  Now 
r e w r i t e  equa t ion  ( C . 1 )  as 

2 

+ A k r  = 0. (C.2) 
2 

r + BkZ + C Z + Dkr Z 

where 

A 3  A 5  A 2  

D i f f e r e n t i a t e  equa t ion  (C.2) w i t h  respect t o  Z t o  o b t a i n  

D k r  + 2 BkZ + C d r  
dZ 2 r + D k Z  + A k  
- = -  

A t  t h e  nose ( r = O ,  Z = O )  t h i s  g i v e s  

C 

( C . 3 )  

( C . 4 )  

F o r  a b l u n t  body ,  r z+  a t  the  nose. Th i s  c o n d i t i o n  is sa t i s f ied  

i f  A = 0 and C * 0.  Thus ,  f o r  a b lun t  body, t h e  nose f i t  equa t ion  is k 

2 2 
r + BkZ + C Z + D k r  Z = 0. ( C . 5 )  
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Appendix D: E l l i p s o i d a l  Nose 

The e q u a t i o n  f o r  a n  e l l i p s o i d  

[ z + ] * +  [;I 2 +[;I 2 

Radius  of Curva tu re  D i s t r i b u t i o n  

w i t h  its c e n t e r  a t  (O,O,?) is C 

= 1  

Use the  polar t r a n s f o r m a t i o n  

X = r cos$ and Y = r s i n  $ 

t o  o b t a i n  

2 2 2  2 2  

r cos $ 

a b 

i iearrange e q u a t i o n  (D.3) t o  o b t a i n  
2 2 

r = Q { I  - C Z / C  - 11 } 

where 

L a  b J  
D i f f e r e n t i a t e  e q u a t i o n  ( D . 4 )  w i t h  r e s p e c t  t o  Z t o  o b t a i n  

L J 

D i f f e r e n t i a t e  e q u a t i o n  (D.6) wi th  r e s p e c t  t o  Z t o  o b t a i n  

The d e f i n i t i o n  o f  t he  r a d i u s  of c u r v a t u r e  is 

By us ing  t h e  above v a l u e s  f o r  r and r the  r a d i u s  o f  c u r v a t u r e  a t  t h e  Z zz ’ 
nose (where r + O  as  Z + O )  is found t o  b e  

L J 

I n  the  XZ-plane ( $  = 0 )  t h i s  g i v e s  
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C = -  - I  
2 xz a 

and i n  t he  YZ-plane ((9 =  IT/^) t h i s  g i v e s  

-1 C 
R Y Z =  7 

(D.lO) 

(D.ll) 

S u b s t i t u t e  e q u a t i o n s  (D.lO) and (D.ll) i n t o  e q u a t i o n  (D.9) t o  g e t  

2 2 
-1 cos 4 s i n  (9 R = - + +  

R X Z  R Y Z  
(D.12) 

When o p t i o n  ( 2 )  of  t he  Nose Radius of Curva tu re  Menu is chosen, t he  
u s e r  must  s p e c i f y  v a l u e s  f o r  R Then f o r  a g iven  m e r i d i o n a l  
((9 = c o n s t a n t )  c u t ,  t h e  v a l u e  f o r  R ( ( 9 )  i s  d e f i n e d  by e q u a t i o n  (D.12). 
If o p t i o n  ( 1 )  of t h i s  menu is exercised, then  e q u a t i o n  (D.12) g i v e s  R = 

and R y Z .  xz 

where t h i s  v a l u e  must b e  s u p p l i e d  by t h e  use r .  R X Z =  R Y Z  
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Table  2:  Comparison for the  Nose Region of the S h u t t l e  

t 

X 

0.0000 
2.2730 
4.9490 
7.1930 
9.0060 
10.852 
11.781 

12.355 
12.410 
12.023 
10.762 
9.4790 
6.8590 
5.1000 
2.01 60 
0.0000 

12.31 1 

0.0000 
4.7280 
9.1830 
12.763 
16.375 
19.576 
21 .914 
22,904 
23.452 
23.588 
21.946 
20.271 
15.91 2 
12.416 
8.0240 
3.6120 
0.0000 

Y 

12.843 
12.454 
11.636 
10.364 
8.6390 
5.5870 
3.8400 
.31300 

-1 .4560 
-3.6680 
-5.8900 
-8.5770 
-10.379 
-1  1.772 
-12.258 
-1 2.777 
-1 2.833 

23.456 
23.130 
21 .go8 

17.21 2 
12.863 
7.6080 
3.2060 

-1.2060 
-6.9560 
-1 2.306 
-16.328 
-19.087 
-20.941 
-22.373 
-22.920 
-23.059 

20.223 

r i n p u t  $(deg) 

2 = 2.0000 

90.000 
79.657 
66.959 
55.238 
43.808 
27.241 
18.053 
1.4564 

-6.7211 
-16.466 
-26.100 
-38.554 
-47.595 
-59.773 
-67.41 0 
-81 .034 
-90.000 

90.000 
78.447 
67.258 
57.743 
46.428 
33 - 308 
19.146 
7.9682 

-2.9438 
-16.431 
-29.281 
-38.851 
-50.184 
-59.336 
-70.270 
-81.044 
-90.000 

12.843 
12.660 
12.645 
12.616 
12.480 
12.206 
12.391 
12.315 
12.440 
12.941 
13.388 
13.762 
14.056 
13.624 
13.277 
12.935 
12.833 

2 = 12.000 

23.456 
23.608 
23.755 
23.91 4 
23.757 
23.424 
23.197 
23.127 
23.483 
24.592 
25.161 
26.029 
24.850 
24.345 
23.768 
23.203 
23.059 

ASTUD r 

9.7835 
9.8060 
9.8530 
9.8748 
9.8705 
9.7845 
9.7048 
9.7082 
9.8046 
10.022 
10.351 
10.588 
10.561 
10.369 
10.223 
10.01 9 
9.9728 

23.456 
23.559 
23.738 
23.824 
23.753 
23.474 
23.191 
23.197 
23.539 
24.592 
25.569 
25.627 
25.084 
24.427 
23.686 
23.197 
23.059 

r Q U I ' Z K  

9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 
9.7980 

23.117 
23.104 
23.075 
23.053 
23.057 
23.143 
23.385 
23.71 2 
24.161 
24.622 
24.689 
24.964 
24.608 
23.820 
22.977 
22.466 
22.331 

Q/ A* 

Q 
A 
A 
A 
A 
Q 
Q 
G 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

* T h i s  is a "qu ick - re fe rence f '  column. An e n t r y  of rcA1l  i n d i c a t e s  t h e  
ASTUD r e s u l t s  a r e  c l o s e r  t o  the  i n p u t  d a t a  p o i n t ,  while  a "Q"  i n d i -  
c a t e s  t he  QUICK r e s u l t s  a r e  c l o s e r .  
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Table 2 (continued) 

X Y 

0.0000 
5.4990 
11.711 
17.531 
22 .044  
26.156 
29.413 
30.428 

31.624 
30.006 
26.568 
21.783 
16.093 
10.384 
4.6440 
0.0000 

31.01 1 

31 .413 
31 . l o 6  
30.362 
27.397 
23.51 7 
17.857 
10.851 
5.1210 

-1.0610 
-8.5700 
-15.244 
-19.748 
-23.397 
-26.181 
-28.08 1 
-28.654 
-28.754 

r $(deg) i n p u t  

go. 000 
79.975 
68.908 
57.385 
46.852 
34.322 
20.250 
9.5533 

-1.9595 
-1 5.163 
-26.932 
-36.623 
-47.046 
-58.422 
-69.706 
-80.794 
-90.000 

2 = 22.000 

31 . 4 1  3 
31 .588 
32.542 
32.526 

31.670 
31 .351 
30.856 
31.029 
32.765 
33.656 
33.104 
31.967 
30.732 
29.939 

28.754 

32 * 233 

29.028 

ASTUD r 

31 . 4 1  3 
31 .606 
32.091 
32.503 

31 .864 
31.093 
30.874 
31 .260 
32.765 
33.710 
33.235 
32.084 
30.703 
29.594 

28.754 

32.458 

28.932 

r Q/ A Q U I C K  

31.275 A 
31 .209 A 
31 .006 A 
30.718 A 
30.469 A 
30.298 A 
30.390 A 
30.726 A 
31.385 A 

32.512 A 

32.313 A 
32.374 A 

32.064 Q 
30.915 A 
29.883 Q 
29.255 A 
29.088 A 
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Table  3: S h u t t l e  Comparison Aft of the Nose Region 

X 

0.0000 
8.0950 
16.095 
22.825 
29.161 
32.382 
35.188 
36.649 
37.225 
37.436 
35.406 
31.540 
25.876 
19.741 
12.703 
5.6350 
0.0000 

0.0000 
7.4690 
14.582 
20.859 
26.276 
33.991 
38.671 
40.698 
42.320 
42.578 
40.170 
35.920 
30.306 
23.303 
15.392 
7.4570 
0.0000 

Y 

38.049 
37.350 
35.753 
31 .473 
24.972 
19.289 
12.270 
6.1060 

-. 07700 
-9.8070 
-18.259 
-23.653 
-27.758 
-30.545 
-32.468 
-33.063 
-33.187 

43.809 
43.147 
42.01 7 
39.093 
35.260 
28.393 
19.229 
9.9910 

- .58500 
-9.8720 
-18.791 
-25.105 
-30.129 
-32.979 
-34.969 
-36.075 
-36.741 

90.000 
77.771 
65.764 
54.049 
40.575 
30.781 
19.224 
9.4590 -. 1 1  852 

-1 4.680 
-27.280 
-36.868 
-47.010 
-57.126 
-68.632 
-80.328 
-90.000 

90. goo 
80.179 
70.861 
61 .917 
53.306 
39.872 
26.439 
13.793 

-.79196 
-1 3.054 
-25.070 
-34.950 
-44.832 
-54.755 
-66.243 
-78.321 
-90.000 

r i n p u t  

z = 32.000 

38.049 
38.217 
39.209 
38.878 
38.392 
37.692 
37.266 
37.154 
37.225 
38.699 
39.837 
39.424 
37.948 
36.369 
34.865 
33.540 
33.187 

Z = 42.000 

43.809 
43.789 
44.475 
44.310 
43.974 
44.289 
43.188 
4 ?  .906 
42.324 
43.707 
44.348 
43.824 
42.734 
40.381 
38.207 
36.838 
36.741 

ASTUD r 

38.002 
37.933 
38.496 
38.796 
38.395 
37.748 
37.169 
36.71 2 
36.909 
39.054 
40.31 0 
39.431 
38.326 
37.361 
35.977 
34.921 
34.593 

43.981 
4 4 . 1 4 4  
43.81 9 
44.073 
44.094 
43.749 
43.243 
41.925 
41.825 
43.801 
45.088 
44.773 
43.221 
41.897 
39.887 
38.853 
38.307 

r Q U I C K  

37.933 
37.750 
37.282 
36.707 
36.133 
35.899 
35.923 

36.886 
38.342 
38.667 
38.729 
37.872 
36.497 
35.119 
34.254 
34.026 

36.253 

43.807 
43.630 
43.176 
42.571 
41.940 
41  -087 
40.646 
40.785 
41.756 
43.297 
4 4 . 1  15 
44.168 
43.155 
41.426 
39.615 
38.387 
37.988 

* 
Q/ A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
Q 
Q 
Q 
Q 
Q 

Q 
Q 
A 
A 
A 
A 
A 
A 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 

* T h i s  is  a " q u i c k - r e f e r e n c e "  column. An e n t r y  of l lA1l  i n d i c a t e s  the  
ASTUD r e s u l t s  a r e  c l o s e r  t o  the  i n p u t  d a t a  p o i n t ,  wh i l e  a ' ' 'Ql1 i n d i -  
c a t e s  the  QUICK r e s u l t s  a r e  c l o s e r .  
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Table 3 (continued) 

X 

0.0000 
8.3950 
17.296 
25.339 
33.879 
40.235 
4 4 . 4 2 4  
46.393 
47.450 
47.650 
46.062 
41.360 
33.977 
26.512 
18.586 
8.4310 
0.0000 

51 .150 
50.335 
48.187 
46.039 
42.989 
38.599 
34.195 
30.660 
26.244 
22.258 
17.377 
13.391 
9.3920 
4.0660 
0.0000 

60.328 
59.469 
57.272 
53.741 
50.205 

Y 

49.110 
48.408 
45.935 
42.118 
35.655 
27.821 
17.729 
8.0340 -. 35200 

-1 0.082 
-18.965 
-27.027 
-33.816 
-36.624 
-38.556 
-39.650 
-40.264 

-1 1.501 
-16.402 
-21 ,324 
-26.245 
-30.297 
-33.91 3 
-36.646 
-38.033 
-39.877 
-40.826 
-41 .344  
-42.293 
-42.354 
-42.878 
-42.946 

-14.659 
-20.885 
-26.228 
-31.578 
-35.594 

r .  
1 npu t @(de81 

2 = 52.000 

90.000 
80.162 
69.367 
58.968 
46.463 
34.662 
21 .756 
9 . 8 2 4 6  -. 42503 

-1 1 .947 
-22.378 
-33.163 
-44.864 
-54.099 
-64.264 
-77.995 
-90.000 

-1  2.672 
-18.049 
-23.871 
-29.686 
-35.169 
-41 .302 
-46.982 
-51 .126 
-56.650 
-61 .401 
-67.203 
-72.431 
-77.497 
-84.583 
-90.000 

49.1 10 
49.131 
49.083 
49.153 
49.184 
48.91 7 
47.831 
47.083 
47.451 
48.705 
49.81 3 
49.408 
47.937 
45.21 3 
42.802 
40.536 
40.264 

Z = 62.000 

52.427 
52.940 
52.694 
52.994 
52.589 
51 .381 
50.122 
48.852 
47.738 
46.499 
44.847 
44.362 
43.383 
43.070 
42.946 

Z = 87.000 

-1 3.658 62.083 
-19.351 63.030 
-24.606 62.992 
-30.438 62.332 
-35.336 61.542 

ASTUD r 

49.332 
49.341 
48.957 
49.206 
48.962 
48.456 
47.546 
46.163 
46.139 
48.176 
49.506 
49.616 
47.365 
45.444 
43.189 
41.826 
41 .194 

52.431 
53.21 2 
53.737 
53.754 
53.351 
52.023 
50.544 
49.272 
47.722 
46.579 
45.467 
45.041 
44.332 
43.731 
43.593 

64.632 
62.749 
63.366 
62.695 
62.189 

r Q U I Z K  

49.189 
48.952 
48.226 
47.261 
46.085 
45.247 
44.873 
45.175 
46.004 
47.626 
48.866 
49.086 
47.51 6 
45.479 
43.478 
41.729 
41.237 

51.848 
52.750 
53.410 
53.665 
53.41 3 
52.268 
50.792 
49.662 
48.226 
47.117 
45.969 
45.149 
44.555 
44.060 
43.946 

61.169 
62.437 
63.342 
63.703 
62.845 

Q/ A 

Q 
Q 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
Q 
A 
A 
Q 
A 

A 
Q 
Q 
Q 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Q 
A 
Q 
A 
A 
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Table 3 ( c o n t i n u e d )  
1 

X 

46.224 
40.459 
36.025 
30.699 
24.926 
19.595 
15.598 
10.267 
5.3780 
0.0000 

67.243 
67.21 5 
65.851 
64.045 
60.906 
55.994 
50.640 
44.847 
39.949 
33 * 273 
27.936 
22.156 
16.821 
1 1 . 0 4 4  
4.8230 
0.0000 

75.104 
74.216 
72.882 
71.105 
68.883 
66.661 
64.439 
61.328 
54.217 
47.551 
40.441 

Y 

-39.61 2 
-42.306 
-44.548 
-45.907 
-46.822 
-47.292 
-47.755 
-48.224 
-48.247 
-48.71 8 

-1 2.631 
-17.963 
-23.733 
-29.057 
-34.373 
-38.791 
-42.763 
-45.843 
-47.595 
-49.337 
-50.1 98 
-50.611 
-51.028 
-50.997 
-50.964 
-51 ,835 

-1 7.164 
-22.496 
-27.829 
-33.162 
-35.829 
-38.495 
-40.717 
-43.383 
-47.383 
-49.605 
-50.938 

$(deg) r .  L npu t ‘ASTUD 

2 = 87.000 (continued) 

-40.595 
-46.278 
-51.038 
-56.229 
-61.971 
-67.494 
-71 .9t 2 
-77.981 
-83.640 
-90.000 

-10.639 
-14.962 
-19.819 
-24.404 
-29.439 
-34.71 3 
-40.179 
-45.629 
-49.991 
-56.004 
-60.903 
-66.358 
-71 - 756 
-77.781 
-84.594 
-90.000 

-12.873 
-16.863 
-20.899 
-25.003 
-27.481 
-30.005 
-32.288 
-35.275 
-41 .152 
-46.21 1 
-51.553 

60.875 
58.538 
57.292 
55.226 
53.043 
51 .191 
50.238 
49.305 
48.546 
48.71 8 

z = 112.00 

68.41 9 
69.574 
69.997 
70.328 
69.936 
68.118 
66.280 
64.131 
62.139 
59.508 
57.448 
55.248 
53.729 
52.179 
51 ,192 
51.835 

Z = 137.00 

77.040 
77.551 
78.01 4 
78.458 
77.644 
76.978 
76.225 
75.121 
72.004 
68.715 
65.040 

60.681 
57.989 
55.796 
53.920 

50.732 
50.102 
49.098 
48.529 
48.302 

52.106 

69.479 
70.502 
71.165 
71 .831 
70.927 

66.01 3 
63.836 
61 .659 
58.965 
57.088 
55.243 
53.918 
52.775 
52.031 
51.850 

68.316 

79.232 
78.264 
78.560 
78.625 
77.959 
77.081 
75.084 
73.510 
70.473 
68.136 
65.309 

QUICK 
r 

60.983 
58.659 
56.750 
54.847 
53.036 
51 .615 
50.708 
49.793 
49.276 
49.075 

68.375 
69.555 
70.672 
71 -343 
71.412 

67.507 
64.596 
62.361 
59.608 
57.704 
55.958 
54.609 
53.532 
52.837 
52.669 

70.132 

76.406 
77.532 
78.195 
78.317 
78.083 
77.569 
76.828 
75.406 
71.766 
68.527 
65.390 

Q/ A 

Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
Q 

Q 
Q 
Q 
Q. 
A 
A 
A 
A 
Q 
Q 
Q 
A 
A 
A 
A 
A 

Q 
Q 
Q 
Q 
A 
A 
Q 
Q 
Q 
Q 
A 
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Table 3 (continued) 

X 

34.21 9 
27.998 
21.776 
11.999 
6.2220 
0.0000 

81 .326 
80.882 
79.548 
77.326 
74.216 
70.660 
66.216 
59.106 
49.773 
43.552 
37.774 
27.109 
19.998 
13.332 
7.1100 
0.0000 

85.398 
83.585 
79.553 
74.196 
66.179 
58.61 1 
50.603 
43.041 
34.592 
25.255 
17.256 
9.2560 
0.0000 

Y 

-52.272 
-53.160 
-53.605 
-54.938 
-54.938 
-54.938 

-18.052 
-22.941 
-29.162 
-34.051 
-38.495 
-41 .606 
-45.161 
-48.71 6 
-51 .383 
-52.71 6 
-54.049 
-55.382 
-55.827 
-56.271 
-56.71 6 
-56.893 

-20.61 4 
-29.495 
-37.479 
-43.679 
-48.091 
-51 .172 
-53.362 
-55.11 0 
-56.409 
-57.705 
-57.673 
-57.641 
-58,051 

ASTUD r. r i n p u t  $ ( d e g )  

Z = 137.00 ( c o n t i n u e d )  

-56.790 62.476 
-62.225 60.082 
-67.891 57.859 
-77.680 56.233 
-83.538 55.289 
-90.000 54.938 

Z = 162.00 

-12.515 
-15.835 
-20.133 
-23.767 
-27.415 
-30.490 
-34.295 
-39.496 
-45.91 2 
-50.438 
-55.051 
-63.91 9 
-70.292 
-76.671 
-82.855 
-90.000 

-1 3.571 
-19.437 
-25.226 
-30.485 
-36.005 
-41 .124 
-46.520 
-52.01 0 
-58.482 
-66.363 
-73.343 
-80.877 
-90.000 

83.305 
84.073 
84.725 
84 .491  
83.606 
81.999 
80.150 
76.595 
71.537 

65.941 
61 .661 
59.301 
57.829 
57.160 
56.893 

68.379 

Z = 182.00 

87.851 
88.636 
87.939 
86.098 
81 .807 
77.806 
73.540 
69.926 
66.171 
62.990 
60.199 
58.379 
58.051 

62.704 
60.417 
58.140 
55.666 
54.920 
54.631 

83.191 
84.335 
84.825 
84.195 
83.171 
82.227 
79.725 
76.164 
72.047 
69.599 
66.953 
62.610 
59.91 4 
58.145 
57.220 
56.837 

87.410 
88.848 
88.096 
85.585 
82.390 
78.167 
74.192 
70.979 
67.166 
63.392 
60.423 
58.905 
58.263 

r 
Q U I C K  

62.723 
60.415 
58.496 
56.279 
55.574 
55.308 

83.292 
84.346 
84.964 
84.789 
83.967 
82.764 
80.606 
76.800 
72.028 
68.992 
66.274 
62.150 
60.024 
58.536 
57.661 
57.31 3 

88.844 
89.978 
88.991 
86.489 
82.442 
78.103 
73.770 
69.915 
66.172 
62.731 
60.607 
59.188 
58.592 

Q/ A 

A 
Q 
A 
Q 
Q 
A 

Q 
A 
A 
A 
Q 
A 
A 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
A 

A 
A 
A 
Q 
A 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
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Table 3 (continued) 

X 

86.361 
86.316 
84.049 
80.445 
73.731 
64.353 
57.670 
49.650 
42.526 
34.965 
25.525 
17.179 
0.0000 

89.251 
89.270 
88.400 
86.638 
82.664 
77.352 
69.371 
61.383 
53.835 
44.953 
40.070 
36.071 
27.186 
18.301 
0.0000 

94.21 4 
94.658 
94.21 4 
94.21 4 
93.325 
91.547 

81 .771 
69.327 

87.548 

Y 

-20.060 
-25.837 
-31.597 
-37.790 
-43.960 
-49.664 
-51 ,834 
-54.438 
-56.160 
-56.989 
-57.805 
-58.184 
-58.937 

-1  9.040 
-23.928 
-28.820 
-32.826 
-39.508 
-44.86 1 
-49.781 
-52.478 
-54.285 
-56.097 
-57.449 
-57.465 
-58.388 
-59.31 1 
-59.382 

-18.052 
-20.71 9 
-23.385 
-26.052 
-29.162 
-33.607 
-40.273 
-45.605 
-51.383 

2 = 187.00 

-1 3.077 
-1 6.664 
-20.603 
-25.162 
-30.804 
-37.659 
-41.949 
-47.634 
-52.866 
-58.469 
-66.. 092 
-73.551 
-90.000 

-12.042 
-1 5 .005 
-18.057 
-20.751 
-25.545 

-35.663 
-40.528 
-45.238 
-51 .293 
-55.105 
-57.883 
-65.033 

-90.000 

-30.112 

-72.852 

-10.847 
-1 2.346 
-1 3.940 
-15.457 
-17.353 
-20.158 
-24.703 
-29.149 
-36.545 

88.660 
90.100 
89.792 
88.879 
85.841 
81.289 
77.541 
73.679 
70.444 
66.860 
63.230 
60.667 
58.937 

2 = 202.00 

91.259 
92.421 
92.979 
92.648 
91.620 
89.419 
85.384 
80.758 
76.453 
71 .886 
70.043 
67.848 
64.407 
62.070 
59.382 

2 = 222.00 

95.928 
96.899 
97.073 
97.750 
97.775 
97.521 
96.367 
93.629 
86.293 

ASTUD r 

88.209 
89.776 
89.820 
89.088 
86.317 
81 .871 
78.136 
74.103 
70.931 
67.600 
63.912 
60.707 
58.578 

91.137 
92.558 
93.101 
92.884 
92.169 
88.999 
85.917 
81 .219 
77.118 
73.197 
70.723 
69.016 
65.528 

59.430 
61 .a18 

94.927 
96.297 
96.449 
97.539 
97.294 
96.943 
95.985 
93.844 
87.130 

Q U I C K  r 

89.875 
90.938 
91.093 
90.045 
87.141 
81 .700 
77.975 
73.41 3 
69.786 
66.550 
63.160 
60.860 
58.875 

92.906 
93.943 
94.388 
94.212 
92.704 
90.01 4 
85.383 
80.829 
76.667 
72.006 
69.507 
67.891 
64.484 

59.652 
61 .a75 

96.343 
96.895 
97.486 
97.875 
98.094 
97.902 
96.386 
93.61 8 
86.760 

Q/ A 

A 
A 
A 
A 
A 
Q 
Q 
Q 
A 
Q 
Q 
A 
Q 

A 
A 
A 
A 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
A 

Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
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Table 3 (continued) 

X 

52.884 
27.553 
0.0000 

96.880 
97.325 
97.769 
97.769 
97.325 
95.103 
92.881 
89.770 
82.215 
73.771 
53.329 
28.442 
15.110 
0.0000 

99.835 
100.74 
101 - 2 0  
100.76 
100.80 
99.059 
96.871 
93.790 
88.935 
80.084 
62.796 
37.937 
17.502 
0.0000 

103.55 
104.88 
105.77 

Y 

-56.71 6 
-58.938 
-60.272 

-18.052 
-19.830 
-21 .608 
-24.274 
-27.829 
-33.607 
-37.506 
-42.050 
-47.828 
-52.272 
-58.349 
-60.71 5 
-61 .604 
-61 .160 

-1 7.301 
-19.961 
-21 .291 
-22.627 
-27.51 6 
-32.41 7 
-36.878 
-40.901 
-45.381 
-50.337 
-56.244 
-59.986 
-61.029 
-61 .601 

-1 7.608 
-19.830 
-21 .608 

ASTUD r. r input $(deg) 

Z = 222.00 (continued) 

-47.002 .77.546 
-64.944 65.060 
-90.000 60.272 

Z = 242.00 

-10.555 
-1 1.51 6 
-12.463 
-1 3 .943 
-1 5.957 
-1 9.462 
-22.042 
-25.099 
-30.188 
-35.320 
-47.427 
-64.899 
-76.21 9 
-90.000 

-9.831 5 
-1 1.207 
-1 1.881 
-12.656 
-15.268 
-1 8.121 
-20.841 
-23.562 
-27.034 
-32.152 
-41 .850 
-57.689 
-73.998 
-90.000 

98.547 
99.325 
100.13 
100.74 
101.23 
100.87 
100.21 
99.130 
95.115 
90.41 3 
78.827 
67.047 
63.430 
61.160 

Z = 262.00 

101.32 
102.70 
103.41 
103.27 
104.49 
104.23 
103.65 

99.844 
94.590 
84.301 
70.976 
63.489 
61.601 

102.32 

2 = 282.00 

-9.6508 105.03 
-10.707 106.74 
-1 1.546 107.95 

74 

77.137 
66.748 
60.364 

99.478 
99.402 
99.640 
100.06 
100.89 
100.91 
100.26 
99.250 
95.180 
89.668 
77.911 
67.451 
62.704 
61 .082 

103.47 
102.67 
102.87 

104.45 
104.97 
104.00 
102.74 
100.71 
94.871 
83.942 
71 .114  
63.824 
61 .601 

103.11 

106.38 
104.83 
105.40 

Q U I C K  r 

76.757 
65.574 
60.542 

99.635 
99.992 
100.36 
100.92 
101.38 
101.28 
100.54 
99.01 3 
95.115 
89.834 
77.61 3 
66.465 
62.796 
61 .293 

102.77 
103.28 
103.54 
103.86 
104.68 
104.70 
103.94 
102.53 
99.932 
94.860 
83.968 
70.954 
64.003 
61.932 

106.08 
106.. 48 
106.82 

Q/ A 

A 
Q 
A 

A 
A 
Q 
Q 
Q 
A 
A 
Q 
Q 
Q 
A 
A 
Q 
A 

Q 
A 
Q 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
A 
A 

Q 
Q 
Q 



Table 3 (contfnued) 

X 

105.77 
104.88 
103.55 

97.769 
92.881 
85.326 
69.327 
47.551 
2 4 . 4 4 2  
0.0000 

101.32 

108.40 
108.40 
107.52 
106.19 
104.42 
99.996 
89.377 
73.448 
61.944 
49.556 
26.548 
0.0000 

1 1  2.04 
112.48 
111.58 
109.78 
107.55 
102.20 
95.965 
88.395 
79.497 
68.822 
54.594 
31.475 
0.0000 

Y 

-24.718 
-28.274 
-31 .829 
-36.273 
-41 .161  
-45.161 
-49.161 
-55.827 
-59.382 
-61 .604 
-62.048 

-22.566 
-26.106 
-30.088 

-36.283 
-40.707 
-47.787 
-54.424 
-57.078 
-58.848 
-61.060 
-62.388 

-33.1~35 

-23.309 
-25.088 
-29.529 
-33.968 
-36.627 
-42.386 
-46.810 
-51.229 
-54.31 1 
-56.942 
-59.1 1 7 
-62.152 
-62.939 

ASTUD r r input 4 (  deg) 

Z = 282.00 (continued) 

-13.154 
-1 5.087 
-17.087 
-19.697 
-22.831 
-25.930 
-29.949 
-38.843 
-51.31 3 
-68.359 
-90.000 

-1 1.759 
-1 3.540 
-15.634 
-17.354 
-19.161 
-22.151 
-28.132 
-36.538 
-42.659 
-49.899 
-66.501 
-90.000 

-1 1 .752 
-1 2.574 
-1 4.824 
-1 7.1 92 
-18.806 
-22.525 
-26.002 
-30.094 
-34.340 
-39.604 
-47.278 
-63.141 
-90.000 

108.62 
108.62 
108.33 
107.62 
106.08 
103.28 
98.475 
89.01 1 
76.074 
66.276 
62.048 

Z = 302.00 

110.73 
111.50 
111.65 
111.26 
110.55 
107.96 
101.35 
91 . 4 1 4  
84.232 
76.9311 
66.582 
62.388 

z = 322.00 

1 1  4 . 4 4  
115.24 
115.42 
1 1  4.92 
113.62 
110.64 
106.77 
102.17 
96.278 
89.324 
80.469 
69.667 
62.939 

106.01 
107.40 
108.25 
107.80 
105.84 
103.08 
99.384 
87.891 
76.123 
66.527 
62.022 

107.16 
107.94 
109.81 
110.58 
1 1 2 . 1 4  
108.98 
102.54 
91.462 
84.707 
77.857 
67.903 
62.444 

107.96 
108.31 
109.92 
1 1 1  -47  
111.10 
110.55 
106.32 
101.73 
95.566 
88.804 
80.868 
69.331 
62.865 

Q U I C K  r 

107.50 
108.06 
108.09 
107.40 
105.63 
103.09 
98.961 
88.373 
76.148 
66.398 
62.479 

110.31 
111.09 
111.50 

110.68 
108.78 

92.282 
85.050 
78.01 1 
67.632 
62.903 

111.32 

102.81 

113.72 
114.09 
1 1 4 . 8 4  
1 1  4.60 
113.90 
111.03 
107.24 
102.06 
96.353 
89.524 
81.119 
69.697 
63.326 

C /  A 

Q 
Q 
A 
A 
A 
Q 
Q 
Q 
A 
Q 
A 

Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
A 
Q 
A 

Q 
Q 
Q 
Q 
Q 
A 
A 
Q 
Q 
Q 
A 
Q 
A 

75 



Table  3 (continued) 

X 

115.15 
115.59 
115.14 
112.90 
109.77 
105.31 
99.072 
91 .502 
84.380 
75.929 
58.140 
32.796 
0.0000 

105.27 
100.35 
90.084 
77.596 
57.989 
39.744 
19.727 
0.0000 

91.339 
82.864 
63.248 
45.873 
31 .641 
31.647 
0,0000 

99.845 
85.124 
68.635 
37 A 3 3  
0.0000 

Y 

-24.261 
-26 .484  
-29.594 
-33.585 
-38.01 7 
-42.445 
-46.865 
-50.837 
-53.921 
-55.667 
-59.156 
-62.61 6 
-62.939 

-43.678 
-46.733 
-50.618 
-54.478 
-59.146 
-61 .163 
-62.71 6 
-63.835 

-53.592 
-55.692 
-59.853 
-62.71 3 
-63.397 
-62.952 
-64.71 9 

-51.656 
-56.373 
-60.182 
-64.258 
-65.612 

-1 1.897 
-1 2.905 
-1 4 . 4 1  5 
-16.567 

-21 .952 
-25.31 6 
-29.056 
-32.580 
-36.247 
-45.496 
-62.356 
-90.000 

-19.103 

-22.534 
-24.972 
-29.332 
-35.072 
-45.566 
-56.984 
-72.539 
-90.000 

i n p u t  r 

Z = 342.00 

117.68 
1 1  8.59 
118.88 
117.79 
116.17 
1 1  3.54 
109.60 
104.68 
100.14 
94.149 
82.944 
70.685 
62.939 

Z = 362.00 

113.97 
110.70 
103.33 
94.810 
82.831 
72.942 
65.745 
63.835 

Z = 402.00 

-30.402 105.90 
-33.905 99.840 
-43.420 87.079 
-53.81 5 77.700 
-63.477 70.854 
-63.31 1 70.459 
-90.000 64.71 9 

2 = 432.00 

-27.355 112.42 

-41.246 91.283 
-60.044 74.166 
-90.000 65.612 

-33.51 4 102.10 

ASTUD r 

108.22 
108.64 
109.48 
110.41 
111.61 
112.77 
108.75 
104.20 
99.481 
93.806 

70.287 
63.287 

83.298 

1 1 4 . 1 0  
110.98 
105.26 
96.496 
83.935 
711.181 
66.480 
63.708 

106.23 
100.43 
87.694 
77.697 
71.077 
71 .174 
64.551 

113.49 
102.64 
91.490 
73.862 
65.183 

QUI5K r 

117.19 
117.66 
118.20 
118.07 
116.76 
114.19 
110.18 
105.08 
100.05 
94.870 
83.625 
70.61 1 
63.749 

1 1 6 . 1 4  
112.85 
106.29 
97.520 
84.203 
74.355 
66.817 
64.172 

107.35 
101.36 
87.941 
77.738 
71 .460 
71.546 
65.018 

115.25 
103.55 
91 .718 
74.129 
65.652 

Q/ A 

Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
Q 
A 

A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 

A 
A 
A 
Q 
Q 
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Table 3 (continued) 

X 

101 .71 
83.921 
67.020 
46.125 
23.453 
0.0000 

101.03 
69.383 
35.990 
0.0000 

100.52 
71.087 
35.920 
0.0000 

100.16 
68.093 
35.621 
0.0000 

100.46 
71.922 
38.105 
0.0000 

78.561 
37.605 
0.0000 

Y 

-53.532 
-58.355 
-61.849 
-63.995 
-66.134 
-66.880 

-57.074 
-62.323 
-65.765 
-66.496 

-59.01 3 
-64.250 
-67.158 
-68.735 

-61.084 
-66.460 
-68.71 9 
-69.61 9 

-62.947 
-68.21 8 
-70.285 
-70.503 

-67.141 
-70.343 
-71 .392 

r i n p u t  

Z = 462.00 

-27.758 114.94 
-34.81 3 102.22 
-42.702 91.197 
-54.217 78.885 
-70.474 70.169 
-90.000 66.880 

Z = 512.00 

-29.464 116.03 
-41 .932 93.264 
-61 .310 74.969 
-90.000 66.496 

Z = 562.00 

-30.41 6 116.56 
-42.108 95.820 
-61 .860 76.161 
-90.000 68.735 

Z = 612.00 

-31.378 117.32 
-44.305 95.150 
-62.600 77.403 
-90.000 69.619 

Z = 662.00 

-32.070 118.55 
-43.486 99.129 
-61.536 79.950 
-90.000 70.503 

2 = 712.00 

-40.51 8 103.34 
-61.871 79.764 
-90.000 71.392 

ASTUD r 

115.39 
102.06 
90.872 
79.082 
69.550 
65.815 

115.22 
93.831 
75.155 
66.869 

1 1  6.09 
95.576 
76.016 
67.923 

115.53 
94.451 
76.741 
68.976 

117.23 
97.465 
78.662 
70.030 

104.17 
79.687 
71.084 

Q U I C K  r 

116.69 
102.74 
90.863 
79.01 4 
69.748 
66.286 

116.15 
93.596 
75.302 
67.344 

116.77 
95.054 
76.172 
68.401 

1 1  7.09 
93.669 
76.921 
69.458 

118.69 
97.251 
79.068 
70.515 

104.31 
80.235 
71.573 

Q/ A 

A 
A 
A 
Q 
Q 
Q 

Q 
Q 
A 
A 

Q 
A 
Q 
Q 

Q 
A 
Q 
Q 

Q 
A 
Q 
Q 

A 
A 
Q 
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Table 3 (continued) 

X 

100.41 
63.004 
33.646 
0.0000 

100.88 
58.607 
29.690 
0.0000 

101 .61 
68.21 3 
38.400 
0.0000 

75.205 
41 .850 
0.0000 

100.46 
73.753 
41.744 
0.0000 

99.476 
69.722 
37.748 
0.0000 

Y 

-66.476 
-70.266 
-71 .530 
-72.288 

-68.048 
-71 .398 
-73.175 
-73.168 

-69.859 
-72.748 
-74.376 
-75.131 

-73.898 
-76.237 
-76.721 

-72.067 
-74.074 
-75.062 
-76.697 

-72.690 
-74.910 
-76.687 
-78.463 

r i npu t $ ( d e g )  

Z = 762.00 

-33.507 120.42 
- 4 8 . 1 1  9 94.376 
-64.809 79.048 
-90.000 72.288 

Z = 812.00 

-34.001 121.69 
-50.61 9 92.371 
-67.91 6 78.969 
-90.000 73.168 

2 = 862.00 

-34.510 123.31 
-46.843 99.726 
-62.693 83.704 
-90.000 75.131 

Z = 912.00 

-44.498 105.44 
-61.236 86.968 
-90.000 76.721 

2 = 962.00 

-35.656 123.63 
-45.124 104.53 
-60.920 85.889 
-90.000 76.697 

2 = 1012.0 

-36.157 123.20 
-47.054 102.34 
-63.792 85.474 
-90.000 78.463 

ASTUD r 

120.49 
94.625 
79.338 
72.137 

122.69 
93.586 
78.679 
73.191 

123.06 
99.363 
82.826 
74.245 

104.36 
85.069 
75.298 

123.52 
104.77 
86.548 
76.352 

123.93 

85.708 
77.406 

103.20 

r QUI ZK 

121.33 
94.916 
79.669 
72.630 

122.63 
93.313 
79.115 
73.687 

123.34 
99.597 
83.393 
74.744 

104.70 
85.648 
75.801 

124.33 
105.24 
87.119 
76.859 

124.73 
103.65 
86.198 
77.91 5 

Q/ A 

A 
A 
A 
A 

Q 
Q 
Q 
A 

Q 
Q 
Q 
Q 

4 
Q 
Q 

A 
A 
A 
Q 

A 
A 
A 
Q 
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Table 3 (continued) 

X 

100.29 
73.163 
45.162 
22.954 
0.0000 

106.97 
60.199 
35.289 
0.0000 

107.36 
58.439 
48.656 
34.425 
18.433 
0.0000 

69.522 
36.671 
36.668 
0.0000 

120.06 
100.95 
60.955 
0.0000 

125.68 
100.36 
79.048 
59.508 
0.0000 

Y 

-74.183 
-76.445 
-77.806 
-77.920 
-78.459 

-73.492 
-77.951 
-79.027 
-79.590 

-73.137 
-76.770 
-77.496 
-78.593 
-78.773 
-78.845 

-75.792 
-77.782 
-77.338 
-77.571 

-69.81 3 
-71.855 
-74.1 47 
-74.917 

-66.473 
-68.249 
-69.1 37 
-69.581 
-70.469 

r i n p u t  @(deg)  

Z = 1062.0 

-36.490 124.74 
-46.257 105.81 
-59.867 89.963 
-73.586 81 .231 
-90.000 78.459 

Z = 1073.0 

-34.490 129.78 
-52.322 98.490 
-65.937 8 6 . 9 3  
-90.000 79.590 

Z = 1082.0 

-34.265 129.90 
-52.721 96.482 
-57.877 91.504 
-66.346 85.802 
-76.830 80.901 
-90.000 78.8Q5 

z = 1112.0 

-47.471 102.85 
-64.758 85.993 
-64.633 85.590 
-90.000 77.571 

Z = 1162.0 

-30.177 138.88 
-35.444 123.91 
-50.577 95.986 
-90.000 74.917 

z = 1212.0 

-27.875 142.17 
-34.216 121.37 
-41.174 105.02 
-49.462 91.557 
-90.000 70.469 

ASTUD r 

124.74 

89.91 8 
81 .619 
78.459 

105.80 

129.71 
98.559 
85.679 
78.639 

130.22 
98.068 
91.948 
85.475 
80.683 
78.700 

103.79 

86.063 
78.226 

85.980 

126.20 
123.79 
95.733 
75.171 

142.95 
1 1  9.20 
103.61 
91.170 
72.688 

Q U I Z K  r 

125.02 
105.49 
89.401 
81.093 
77.949 

130.28 
96.923 
84.755 
77.722 

130.91 
96.253 
90.777 
84.272 
79.490 
77.481 

102.39 
84.178 
84.262 
76.369 

140.35 
124.46 
94.865 
73.701 

139.64 
119.92 
104.34 
91 , 4 4 1  
70.469 

a/ A 

A 
A 
A 
Q 
A 

A 
A 
A 
A 

A 
Q 
A 
A 
A 
A 

Q 
A 
A 
A 

Q 
A 
A 
A 

A 
Q 
Q 
Q 
Q 
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Table 4: S h u t t l e  Wing Comparison (in Fuselage Coordina te  System) 

Spanwise Location: X = 103.46 

Y 

-28.307 
-31 .457 
-34.450 
-37.580 
-41 .374 
-45.250 
-49.553 
-53.965 
-58.105 
-61.629 
-63.115 
-64.397 
-66.41 4 
-66.571 
-62.079 

Y 

-31 .793 
-34.276 
-37.163 
-40.030 
-43.209 
-46.098 
-48.71 1 
-50.828 
-52.924 
-54.842 
-55.935 
-56.950 
-58.033 
-58.137 
-53.746 

z 

283.52 
287.34 
302.87 
328.96 
365.15 
411.13 
466.33 
530.16 
601.96 
680.94 
766.26 
856.92 
951 .90 
1050.2 
1150.5 

Z 

626.16 
626.76 
634.68 
649.71 
671.14 
699.08 
733.11 
773.00 
818.36 
868.82 
924.11 
983.06 
1044.9 
1109.2 
1175.0 

-1 5.301 
-16.91 1 
-18.41 6 
-1 9.962 
-21 .796 
-23.622 
-25.591 
-27.546 
-29.318 
-30.780 
-31.384 
-31.898 
-32.696 
-32.758 
-30.964 

' r .  
1 npu t 

107.27 
108.14 
109.05 
1 1  0.08 
111.43 
112.93 
114.72 
116.69 
1 1  8.66 
120.43 
121 .20  
121 .87 
122.95 
123.03 
120.66 

Spanwise Location: X = 159.29 

-1 1 .287 
-1 2.144 
-1 3.132 
-14.107 
-15.177 
-1 6.140 
-17.004 
-1 7.697 
-18.379 
-1 8.998 
-1 9.349 
-19.673 
-20.018 
-20.051 
-18.645 

r .  input 
162.43 
162.94 

164.24 
165.05 
165.83 
166.57 
167.20 
167.85 
168.47 
168.83 
169.17 
169.53 
169.57 
168.11 

163.57 

ASTilD r 

107.27 
108.12 
109.26 
110.16 
111.29 
112.76 
1 1  4.77 
116.99 
1 1  8.94 
120.15 
121.12 
122.04 
123.09 
122.95 
120.69 

ASTUD r 

163.29 
163.30 
163.55 
164.35 
165.08 
165.72 
166.50 
167.29 
167.94 
168.43 
168.81 
169.19 
169.60 
169.48 
168.18 

Q U I Z K  r 

108.35 
109.00 
111.13 
1 1 4 . 1 8  
117.46 
120.31 
121 .78 
121 .97 
121.78 
123.06 
126.88 

131 .86 
134.84 
138.76 

130.11 

Q U I C K  r 

165.21 
165.89 
167.94 
171 .21 
174.28 
176.91 
179.04 
182.20 
185.67 
188.64 
190.81 
191.93 
192.44 
193.10 
198.62 
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Table 4 (continued) 

Y 

-32.252 
-34.302 
-38.160 
- 4 1 . 1 1  1 
-43.167 
-44.555 
-45.354 
-45.910 
-46.452 
-47.031 
-47.693 
-48.466 
-49.057 
-48.01 9 
-45.284 

Y 

-29.429 
-31.116 
-34.321 
-36.871 
-38.184 
-39.354 
-40.174 
-40.762 
-41 .279 
-41.869 
-42.536 
-43.196 
-43.799 
-42.621 
-40.106 

Spanwise Location: X = 256.02 

ASTUD Z $(deg)  r r input 
845.62 
846.35 
851.18 
861.06 
875.16 
893.15 
91 4.77 
939.78 
967.87 
998.75 

1067.5 
1104.6 
1142.9 
1182.1 

1032.1 

Z 

903.23 
903.80 
907.61 
91 5.65 
927.32 
942.13 
959.94 
980.53 
1003.7 
1029.1 
1056.6 
1085.7 
1116.3 
1 1  47.9 
1180.1 

-7.1798 
-7.6310 
-8.4775 
-9.1224 
-9.5704 
-9.8722 
-10.046 
-10.166 
-10.284 
-10.409 
-10.552 
-10.719 
-10.847 
-10.623 
-10.030 

258.05 
258.31 
258.85 
259.30 
259.64 
259.87 
260.01 
260.11 
260.20 
260.31 
260.43 
260.57 
260.68 
260.49 
260.00 

Spanwise Location: X = 312.57 

-5.3786 
-5.6849 
-6,2661 
-6.7275 
-6.9647 
-7.1759 
-7.3238 
-7.4298 
-7.5231 
-7.6292 
-7.7494 
-7.8682 
-7.9766 
-7.7647 
-7.31 15 

r i npu t 

31 3.96 
314.12 
31 4.45 
31 4.74 
31 4.90 
315.04 
315.15 
31 5.22 
31 5.29 
315.37 
31 5.45 
315.54 
315.63 
315.47 
315.14 

258.09 
258.40 
258.81 
259.31 
259.68 
259.89 
259.96 
260.04 
260.14 
260.26 
260.39 
260.53 
260.70 
260.56 
259.85 

ASTUD r 

31 4.17 
314.23 
31 4.46 
31 4.74 
31 4.91 
31 4.98 
31 5.07 
315.18 
31 5.30 

315.51 
31 5.58 
315.57 
315.45 
315.10 

31 5.41 

r Q U I Z K  

246.41 
247.54 
253.15 
263.69 
275.66 
286.34 
293.49 
294.58 
295.15 
295.71 
295.79 
294.84 
294.42 
298.54 
303.94 

Q U I C K  r 

303.57 
304.44 
308.81 
317.34 
329.01 
340.68 
350.44 
356.53 
357.85 
357.54 
356.61 
355.71 
355.17 
361.59 
369.89 
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Table 4 (continued) 

Spanwise Location: X = 455.76 

Y 

-26.175 
-26.936 
-28.342 
-29.200 
-29.640 
-30.1 29 
-30.571 
-31.025 
-31.495 
-31 .918 
-32.136 
-32.175 
-32.100 
-31 .860 
-30.696 
-28.578 

Z 

1047.5 
1047.7 
1049.2 
1052.9 
1058.2 
1064.9 
1073.0 
1082.4 
1092.9 
1104.5 
1117.9 
1130.3 
1 1 4 4 . 2  

1173.2 
1187.9 

1158.6 

-3.2870 
-3.3823 
-3.5584 
-3.6659 
-3.7209 
-3.7821 
-3.8374 
-3.8943 
-3.9531 
-4.0060 
-4.0333 
-4.0381 
-4.0287 
-3.9988 
-3.8531 
-3.5879 

r i npu t 

456.52 
456.56 
456.64 
456.70 
456.73 
456.76 
456.79 
456.82 
456.85 
456.88 
456.90 
456.90 
456.89 
456.88 
456.80 
456.66 

ASTUD r 

456.61 
456.62 
456.65 
456.70 
456.72 
456.75 
456.78 
456.82 
456.85 
456.88 
456.90 
456.91 
456.90 
456.86 
456.79 
456.66 

Q U I C K  r 

439.20 
439.39 
440.42 
442.58 
445.39 
448.66 
452.18 
455.75 
459.21 
462.23 
464.74 
466.76 
468.23 
469.08 
469.40 
469.23 
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Table  5: Comparison of Nose Radius of Curvature  D i s t r i b u t i o n  f o r  AFE 
Geometry 

4J 
(deg rees  1 

90.00 
86.40 
82.80 
79.20 
75.60 
72.00 
68.40 
64.80 
61.20 
57.60 
54.00 
50.40 
46.80 
43.20 
39.60 
36.00 
32.40 
28.80 
25.20 
21.60 
18.00 
14.40 
10.80 
7.20 
3.60 
0.00 

Nose Fiadius of Curvature  
D i s t r i b u t i o n  

* 
Cas e 

1 

0.449901 9 
0.4505093 
0.452331 4 
0.4553689 
0.459621 5 
0.4650875 
0.471 761 6 
0.4796330 
0.4886820 
0.4988769 

0.5224903 
0.5357429 
0.5497993 
0.5644929 
0.57961 62 
0.59491 59 
0.61 00940 
0.6248106 
0.6386928 
0.651 3472 
0.662379 1 
0.671 41 53 
0.6781 296 
0.6822667 
0.6836643 

0.5101695 

Case 
2 

0.4498996 
0.4505070 
0.4523291 
0.4553667 
0.4596193 
0.4650855 
0.471 7597 
0.479631 1 
0.4886803 
0.4988754 
0.5101683 
0.5224892 
0.5357424 
0.5497990 
0.5644931 
0.57961 68 
0.59491 69 
0.61 00952 
0.62481 25 
0.6386951 
0.651 3498 
0.6623823 
0.671 41 88 
0.6781 335 
0.6822707 
0.6836684 

* 
For Case 2 ,  t h e  n o s e  r a d i u s  of c u r v a t u r e  was l e f t  a s  p a r t  of t h e  
s o l u t i o n .  For Case 1 ,  t h e s e  va lues  were s p e c i f i e d :  

R X Z  * 0.6836643 & R y Z  = 0.4499019: 

For both o p t i o n s  h e r e ,  t h e  nose r eg ion  was cons t r a ined  by the  user t o  
pas s  through t h e s e  two c r o s s  s e c t i o n s :  

Number Axial  Locat ion 
1 0.1697E-01 
2 0.6028E-01 
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Figure 2.1. Data points and control points i n  a cross section. 
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X 
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Figure 2.5. Local coordinate system, illustrated for arc 3 = 2. 
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Figure 2.6a. Double roots in the local coordinate 
system of arc j. 
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Figure 2.6b. Double root situation avoided with the 
addition of a control point. 
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Figure 2.7.  Defining points  (and loca l  orig in)  for  arc j. 
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_ _  
Figure 2.8. Comparison between input and calculated values of the 

. orig inal  data points. 
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break poin t  b l  

Figure 2 .9 .  Break points for a given cross section. 
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~ ~ ~ ~ 

Figure  4 . 3 .  Orthographic  view of nose r eg ion  f i t .  
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1 I 1 

Curve-fit f o r  a given meridional cut of the fuselage. Figure 5 . 1 .  
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Figure 5 . 2 .  Orthographic view of fuselage surface-fi t .  
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CROSS SECTION 12: z i m e e  

Cutaway FRONT Ulawt 

I ISIDE Ufow: 

Figure 6 . 3 .  Comparison between original cross section curve-fit and the 
resulting surface- f i t .  
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Figure 6 . 4 .  Viewing a meridional pair from the fuselage surface-fit .  
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Figure 9 . 2 .  Orthographic view of wing surface f i t .  
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WING SECTION 291 Z - 308.75 

SIDE View: 

Figure 10.1. Viewing of a wing section as generated from the wing 
surface-fit. 
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SPANWISE CUT 1 1 :  X I C  = O . S  

Cutaway FRONT V l e w :  

Figure 10.2.  Viewing a apanwise pair from the wing surface-fit. 
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Figure 1 2 . 1 .  Side view of fuselage surface-f i t  w i t h  nose region 
highlighted. 
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* 
Figure 12.2. Meridional cut neighborhood of 0 . 
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Figure 12.6. Multiple roots at a given axial location for the wing-body 
combination. 
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Figure 14.1. E f f e c t  of accuracy of geometry model on v iscous  
f l o w f i e l d  c a l c u l a t i o n s .  
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Figure 14.16.  Defining parameters of  AFE geometry. 
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